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VIEWDATA RETURNSE6 madeby Tandata, indudes 1200.75 
modem, k/od, RGB and comp o/p, printer port. No PSU.£6 MAG6P7 
IBM PC CASE AND PSU ideal base for building your own PC. 
Ex equipment but OK. £14.00 each REF: MAG14P2 
SOLAR POWER LAB SPECIAL You get TWO 6°x6" 6v 
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or 
motor.Superb value kit just £5.99 REF: MAG6P8 
SOLID STATE RELAYS Will switch 25A mains. Input 3.5-26v 
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10 
300DPI A4 DTP MONITOR Brand new, TTL/ECL inputs, 15” 
landscape, 1200x1664 pixel complete with circuit diag to help you 
interface with your projects. JUST £24.99. REF MAG25P1 
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG,.5-12v 
electret condenser. Cost£12 ea, Our? four for£9.99 REF MAG10P2 
RGB/CGA/EGA/TTL COLOUR MONITORS 12° in good 
condition. Back anodised metal case. £99 each REF MAG99P 1 
GX4000 GAMES MACHINES returns so ok for spares or 
repair £9 each (no games). REF MAG9P 1 
C64 COMPUTERS Retums, so ok for spares etc£9 ref MAG9P2 
FUSELAGE LIGHTS 3 foot by 4" panel 1/8" thick with 3 panels 
that glow green when a voltage is applied. Good for night lights, front 
panels, signs,disco etc. 50-100v per strip. £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give you the bits 
for 1 fault, you have to find the other yourself. BT Response 200's 
£18 ea REF MAG18P1, BT Response 400's£25 ea REF MAG25P3 
Suitable power supply £5 REF MAGSP 12 
SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v@.5A, 
+12V@2A,-12V@.5A 120/220v cased 245x88x55mm |ECinput 
socket £6.99 REF MAG7P1 
PLUG IN PSU $V 200mA DC £2.99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
POWER SUPPLY fully cased with mains and o/p leads 17v DC 
900mA output. Bargain price £5.99 ref MAG6P9 
ACORN ARCHIMEDES PSU +5v @ 4.4A. on/off sw uncased, 
selectable mains input, 145x100x45mm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, 
complete with PCB and components. £29 REF MAG29P 1 
SINCLAIR C6 13" wheels complete with tube, tyre and cycle style 
bearing £6 ea REF MAG6P 10 
AA NICAD PACK encapsulated pack of 8 AA nicad batteries 
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P 11 
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3 
360K 6.26 brand new half height floppy drives IBMcompatible 
industry standard. Just £6.99 REF MAG7P3 
PPCMODEM CARDS. These are high spec plugin cards made 
for the Amstrad laptop computers. 2400 baud dial up unit complete 
with leads. Clearance price is £5 REF: MAGSP1 
INFRA RED REMOTE CONTROLLERS Originally made for 
hi spec satellite equipment but perfect for all sorts of remote control 
projects. Our clearance price is just £2 REF: MAG2 
TOWERS INTERNATIONAL TRANSISTOR GUIDE. A 
very useful book for finding equivalent transistors, leadouts, specs 
etc. £20 REF: MAG20P1 
SINCLAIR C5 MOTORS We havea few left without gearboxes. 
These are 12v DC 3,300 rpm 6"x4", 1/4" OP shaft. £25 REF: MAG25 
UNIVERSAL SPEED CONTROLLER KIT Designed by us 
for the above motor but suitable for any 12v motor up to 30A. 
Complete with PCB etc. A heat sink may be required. £17.00 
REF: MAG17 
VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
any standard TV setin a 100' range! (tune TV to a spare channel) 12v 
DC op. Priceis£15 REF: MAG15 12vpsuis£5 extra REF: MAGSP2 
*FM CORDLESS MICROPHONE Small hand held unit with a 
500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable 
to any FM receiver. Priceis£15 REF: MAG15P1 
LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200’. Ideal for garden use or as an educational 
toy. Price is £8 a pair REF: MAG 8P1 2x PP3 req'd. 
*MINATURE RADIO TRANSCEIVERS A pair of walkie 
talkies with a range of up to 2 kilometres in open country. Units 
measure 22x52x 155mm. Complete with cases and earpieces. 2xPP3 
req'd. £30.00 pair REF: MAG30. 
COMPOSITE VIDEO KIT. Converts composite video into 
separate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2. 
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc In fact everything bar the case and electronics, a good 
stripper! £5 REF: MAGSP3 or 2 for£8 REF: MAGS8P3 
SPEAKERWIRE Brown 2core 100 foot hank£2 REF: MAG2P 1 
LED PACK of 100 standard red 5m leds £5 REF MAGSP4 
JUG KETTLE ELEMENT good general purpose heating ele- 
ment (about 2kw) ideal for heating projects. 2 for £3 REF: MAG3 
UNIVERSAL PC POWER SUPPLY complete with flyleads, 
switch, fan etc. Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
*FM TRANSMITTER housedin a standard working 13A adapter!! 
the bug runs directly off the mains so lasts foreverl why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 
*FM BUG KIT New design with PCB embedded coil for extra 
stability. Works to any FM radio. 9v battery req’d.€5 REF: MAGSPS 
*FM BUG BUILT AND TESTED superior design to Kt. 
Supplied to detective agencies. Sv battery req'd. £14 REF: MAG14 
TALKING COINBOX STRIPPER originally made to retail at 
£79 each, these units are designed to convert and ordinary phone 
intoa payphone. The units have the locks missing and sometimes 
broken hinges. However they can be adapted for their original use 
or used for something else?? Price is just £3 REF: MAG3P1 
400 WATT MOSFET PAIR Same specas 2SK343 and 2SJ413 
(8A, 140v,100w) 1N channel, 1 P channel, £3 a pair REF: MAG3P2 
VELCRO 1 metre length of each side 20mm wide (quick way of 
fixing for temporary jobs etc) £2 REF: MAG2P3 
MAGNETIC AGITATORS Consisting of a cased mains motor 
with lead. The motor has two magnets fixed toa rotor that spin round 
inside. There are also 2 plastic covered magnets supplied. Made for 
remotely stirring liquids! you may havea use? £3 eachREF:MAG3P3 





BULL'S 


BULLETIN BOARD 


1OOMHZ DUAL TRACE 
OSCILLOSCOPES 
JUST £259 
RING FOR DETAILS 










MASSIVE 


WAREHOUSE CLEARANCE 


FANTASTIC £20.00 REDUCTION 


REFURBISHED PC BASE UNITS 
COMPLETE WITH KEYBOARD 


FROM ONLY £29. 00 


AMSTRAD 1512 BASE UNITS 
GUARANTEED 
PERFECT WORKING ORDER. 


A LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET. 



















































AMSTRAD 1512SD 
1512 BASE UNIT, 5.25" FLOPPY DRIVE AND 


KEYBOARD. ALL YOU NEED IS A MONITOR AND 
POWER SUPPLY. WAS £49.00 
NOW ONLY $29.00 
REF: MAG29 


AMSTRAD 1512DD 
1512 BASE UNIT AND KEYBOARD AND TWO 
5.25" 360K DRIVES . ALL YOU NEED IS A MONITOR 
AND POWER SUPPLY WAS £59.00 


NOW ONLY $39.00 
REF: MAG39 


SOLAR POWER PANELS 


3FT X 1FT JOWATT GLASS PANELS 
14.5v/700mA 

NOW AVAILABLE BY MAIL ORDER 

£33.95 


(PLUS $2.00 SPECIAL PACKAGING CHARGE) 
TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE 
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY 
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY- 
WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 


FREE SOFTWARE! 


Brand new, UNUSED top quality Famous brand 
licensed software discs. Available in 5.25" DSDD or 5.25" 
HD only. You buy the disk and itcomes with free BRAND 
NEW UNUSED SOFTWARE. Weare actually selling you the 
floppy disc for yourown "MEGA CHEAP" storage facilities, 
if you happen to get software that you want/need/like as 
well........ you get a "MEGA BARGAIN" tool 

DSDD PKT10 £2.99 REF: MAG3P7 PKT100 £16.00 REF: MAG16 
















££LLLLEWE BUY SURPLUS STOCKE££££ £££ 
TURN YOUR SURPLUS STOCK INTO CASH. 
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE. 


1994 CATALOGUE. 


PLEASE SEND 45P , A4 SIZED SAE FOR YOUR FREE COPY. 
MINIMUM GOODS ORDER £5.00. TRADE ORDERS FROM GOVERNMENT, SCHOOLS, 
UNIVERSITIES, & LOCAL AUTHORITIES WELCOME. ALL GOODS SUPPLIED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 30 
DAYS. RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE. ORDERS SUBJECT TO STOCK. QUOTATIONS WILLINGLY GIVEN FOR QUANTI- 
TIES HIGHER THAN THOSE STATED. 
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“TEL: 0273203500 
FAX: 0273323077 

















from 30K eV to over 1.2M eV and a measuring 









complete with handbook. 





TOP QUALITY SPEAKERS Made for HI Fi televisions 
these are 10 watt 4R Jap made 4" round with large 
shielded magnets. Good quality general purpose speaker. 
£2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2 
TWEETERS 2" diameter good quality tweeter 140R (ok with the 
above speaker) 2 for £2 REF: MAG2P5 or 4 for£3 REF: MAG3P4 
AT KEYBOARDS Made by Apricot these quality keyboards need 
justa small modification to run on any AT, they work perfectly but you 
will have to put up with 1 or 2 foreign keycaps! Price £6 REF: 
MAG6P3 
XT KEYBOARDS Mixed types, some returns, some good, some 
foreign etc but all good for spares! Price is £2 each REF: MAG2P6 
or 4 for £6 REF: MAG6P4 
PC CASES Again mixed types so you take a chance next one off 
the pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4 
COMMODORE MICRODRIVE SYSTEM mini storage 
device for C64’s 4 times faster than disc drives, 10 times faster 
than tapes. Complete unit just £12 REF:MAG12P1 
SCHOOL STRIPPERS We have quite a few of the above 
units which are ‘returns as they are quite comprehensive units 
they could be used for other projects etc. Let us know how many you 
need at just 50p a unit (minimum 10). 
HEADPHONES 16P These are ex Virgin Atlantic. You can have 
8 pairs for£2 REF: MAG2P8 
PROXIMITY SENSORS These are small PCB's with what look 
like a Source and sensor LEDon one end and lots of.components on 
the rest of the PCB. Complete with flyleads. Pack of 5£3 REF: MAG: 
3P5 or 20 for£8 REF: MAG8P4 
SNOOPERS EAR? Original made to clip over the earpiece of 
telephone to amplify the sound-it also works quite well on the cable 
running along the wall! Price is £5 REF: MAGSP7 
DOS PACKS Microsoft version 3.3 or higher complete with all 
manuals or price just £5 REF: MAG5P8 Worth it just for the very 
comprehensive manual! 5.25" only. 
DOS PACK Microsoft version 5 Original software but no manu- 
als hence only £3 REF: MAG3P6 5.25" only. 
FOREIGN DOS 3.3-Geman,French. italian etc £2 a pack with 
manual. 5.25" only. REF:MAG2P9 
CTM644 COLOURMONITOR. Madetowork with the CPC464 
home computer. Standard RGB input so will work with other ma- 
chines. Refurbished £59.00 REF:MAG59 
PIR DETECTOR Made by famous UK alam manufacturer these 
are hi spec, long range internal units. 12v operation. Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8P5 
WINDUP SOLAR POWERED RADW AMM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 
COMMODORE 64 TAPE DRIVES Customer returns at £4 
REF: MAG4P9 Fully tested and working units are£12 REF: MAG12P5 
COMPUTER TERMINALS complete with screen, keyboard 
and RS232 input/output. Ex equipment. Price is £27 REF: MAG27 
MAINS CABLES These are 2 core standard black 2 metre mains 
cables fitted with a 13A plug on one end, cable the other. Ideal for 
projects, low cost manufacturing etc. Pack of 10 for£3 REF: MAG3P8 
Pack of 100 £20 REF: MAG20P5 
SURFACE MOUNT STRIPPER Originally made as some form 
of high frequency amplifier (main chip is a TSAS511T 1.3GHz 
synthasiser ) but good stripper value, an excellent way to play with 
surface mount components £1.00 REF: MAG1P1. 
MICROWAVE TIMER Electronic timer with relay output suitable 
to make enlarger timer etc £4 REF: MAG4P4 
MOBILE CAR PHONE £6.99 Well almost! complete in car 
phone excluding the box of electronics nomally hidden under seat. 
Can be made to illuminate with 12v also has built in light sensor so 
display only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mount on an extemal 
bell box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regularly) £5 REF: MAGSP 11 
FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm.With key. Comes with electronics but 
no information. sale price 7.99 REF: MAG8P6 
SUPER SIZE HEATSINK Superb quality aluminium heatsink. 
365 x 183 x 61mm, 15 fins enable high heat dissipation. No holes! 
sale price £5.99 REF: MAG6P 11 
REMOTE CONTROL PCB These are receiver boards for 
garage door opening systems. You may have another use? £4 ea 
REF: MAG4P5 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. Bargain price just £5.99 ea REF MAG6P12. 
FIBRE OPTK CABLE BUMPER PACK 10 metres for £4.99 
ref MAG5P 13 ideal for experimenters! 30 m for£12.99 ref MAG13P 1 
LOPTX Line output transformers believed to be for hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3. 


SHOP OPEN 9-5.30 SIX 
DAYS A WEEK 
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PORTABLE RADIATION DETECTOR 


£49.99 


A Hand held personal Gamma and X Ray detec- | 
tor. This unit contains two Geiger Tubes, has a 4 
digit LCD display with a Piezo speaker, giving an 
audio visual indication. The unit detects high 
energy electromagnetic quanta with an energy, 





range of 5-9999 UR/h or 10-99990 Nr/h. Supplied. 






REF: MAG50 
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Projects 


MOSFET VARIABLE BENCH POWER SUPPLY 


by Mark Stuart 


An up to the minute design giving 0 to 25V at 0 to 2:5A 


EPE SOUNDAC by Phil Green 


Enhance the sound output of your PC with this simple plug-in unit 
CCD TV CAMERA - 2/FRAME GRAB by John Becker 


Final camera details plus PC interfacing unit and software 


INPULSE CLOCK MASTER UNIT by Huw Griffiths 


Bring those discarded impulse clocks back to life 


TELEPHONE RING DETECTOR by Andy Flind 
Detects and relays the telephone ring to drive bells, lights etc 


SEES 


BEST OF BRITISH -1 by Terry de Vaux Balbirnie 
A look at some of the British companies operating in the hobby 


electronics field 
CIRCUIT SURGERY by Alan Winstanley 


Astable and monostable timing; more on battery back-up and an 


educational announcement 


INTERFACE by Robert Penfold 
The page for computer enthusiasts 


CALCULATION CORNER -4 by Steve Knight 


Removing the fear from circuit design calculations 


AMATEUR RADIO by Tony Smith G4FAI 


Shape of Things to Come; Impact on Amateur Radio; Young Operators 


Club; NZ in CEPT; ISWL Club Station 


features 


EDITORIAL 
INNOVATIONS 


Everyday news from the world of electronics 


NEW TECHNOLOGY UPDATE by lan Poole 


Latest research into low power high speed i.c.s, printed circuit board 


materials and optical computers 


ELECTRONICS PRINCIPLES SOFTWARE 
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Educational software — plus Electronics PC Toolbox and GCSE Mathematics 


ELECTRONICS WORKBENCH REVIEW by Mike Tooley 


A fascinating and versatile software package 


ELECTRONICS VIDEOS 


Our range of educational videos to complement your studies 


SHOPTALK with David Barrington 
Component buying for EPE projects 


HOME BASE by Terry Pinnell 
Jottings of an electronics hobbyist 


FOX REPORT by Barry Fox 

Secret Radio Frequencies; Disk Conditioner 
DIRECT BOOK SERVICE 

Our range of technical books available by mail order 


PRINTED CIRCUIT BOARD SERVICE 
PCBs for EPE projects 


ADVERTISER'S INDEX 
FREE WALL CHART 


Electronics Formulae — 2 


285 
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LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE 
8088 XT - PC99 286 AT - PC286 386 AT - PC386 
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ne aac ° 640k RAM expandable 
ee with standard SIMMS 





¢ 2 serial & 1 parallel 


e 2 meg RAM expanded 
ports 


by slots 


e 2 serial & 1 parallel 
ports 






















































































a 2 hy BOOS oo 
Hinauannonnunvnene i e 12 Mhz Landmark speed ¢ MS-DOS 4.01 90 Mhz with 32k ca 
é ° : : ° che. * MS-DOS 4.01 

ace EAM - expandabl esac ¢ 20 meg hard disk ¢ Co-processor socket | Expandable to 64k * Co-processor socket 

e Standar a ‘ 1/4" e ° : 

° 4.7 Mhz speed keyboard y 1.2 meg 5 ve floppy Eboard 102 key 40 meg hard disk Enhanced 102 keyboard 
© 360k 5-1/4" floppy e 12" green screen e 1.4 meg 3-1/ floppy © Clock & calendar with °1.2 meg 5-1/ floppy e Kwik Disk Accelerator 
° 2 serial & 1 parallel ports included e EGA driver on board battery back up e VGA card installed Software - FREE 
° MS-DOS 4.01 e In good used condition BRAND NEW AND BOXED! BRAND NEW AND BOXED! 





Optional FITTED extras: 640K RAM £39. 12° CGA colour 
monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20 
| mbyte MFM hard drive £99. 





only£249 00. 


The Philips 9CMO073 is suggested for the PC286 and the 
CM8873 for the PC386. Either may use the SVGA MTS-9600 
if a suitable card is installed. We can fit this at a cost of £49.00 
for the PC286 and £39.00 for the PC386. 


POWER SUPPLIES 











only $425.00. 
eo 


ze 14" Forefront Model MTS-9600 SVGA 
é multisync with resolution of 1024 x 768. 0.28 
* pitch. "Text" switch for word processing etc. 
@ Overscan switch included. Ideal for the ea 
; 386 or PC-286 with SVGA card added. Also 
514" from £22.95 - 312" from £21.95! arise vp pilates es yey ia tea i gael geil compatibe with BBC, Amiga, Atari (including 
Massive purchases of standard 514" and 31/2" drives enables us oar prs uk be if re 7 hil | or sit pchev a, the monochrome high resolution mode), Ar- 
to present prime product at industry beating low prices! Alll units * v 4a (6a peak). All outputs fully regulated with over volage = chimedes etc. In good used condition (possible minor screen 

protection on the +5v output. AC input selectable for 110/240 burns). 90 day guarantee. 15" x 14" x 12°. Only £159(E) 


(unless stated) are removed from often brand new equipment Lali : 
and are fully tested, aligned and shipped to you with a 90 day Vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. = £85.00 (B) 14" Philips Model CM8873 VGA multisync 
with 640 x 480 resolution. CGA, EGA or 


guarantee and operate from standard voltages and are of stand- Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 








ony£99 00. 










FLOPPY DISK DRIVES 





ard size. All are IBM-PC compatible (if 31/2" supported). (2A). 5v @ 20A. + 12v @ 1.5A. Switch mode. New. — £59.95(B) VGA, digital/analog, switch selectable. 
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ Sound with volume control. There is also a 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4".New £22.95(B) special "Text" switch for word processing, 


spreadsheets and the like. Compatible with 


3,5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B) Greendale 19ABOE 60 watts switch mode.+5v @ 6a,t12v @ 
IBM PC’s, Amiga, Atari (excluding the 


5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B_ —s1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) 





360K. Absolutely standard fits most computers £22.95(B) Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v . monochrome high resolution mode), BBC, 

* Data cable included in price. @ 15a,-5v @ 1a,+12v @ 6a.27 x 12.5 x 6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen 

+t ah raped = Sci parla’ ey 4 = Te ODE) Boshert 13090.Switch mode. Ideal for drives & system. +5v@ 6a, burns) 90 day guarantee. 15" x 14" x 12°. Onlly ..........+ £139(E) 
hugart 851 double sided refurbished & teste . +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) philins 9CM073 simil identi f 

Mitsubishi M2894-63 double sided switchable Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00( ath peak sreethdag trek mee a a a 


pers cr sokeecors SEN d £250.00(E) Farnell G24/5S. As above but 24v @ 5a. £65.00(C) amber or green screen selection. 14" x 12" x 13-1/2" 
Dual 8" drives with 2 mbyte capacity housed in a smart case KME 10" high definition colour snontors. Nice. 
with built in power supply! Ideal as exterior drives! £499.00(F) BBC Model B APM Board font 0.26" dot pitch for superb clarity. and 
End of line purchase scoop! Brand new NEC D2246 8" 85 £100 CASH FOR THE ___ modem styling. Operates from any 15.625 khz 
megabyte of hard disk storage! Full CPU control and industry 


.£99(E) 














sync RGB video source, with RGB analog and 

standard SMD interface. Ultra hi speed transfer and access time WIN ¢100 MOST NOVEL ai sync such as Atari, Peele Sepia 

leaves the good old ST506 interface standing. In mint condition CASH! DEMONSTRATABLE Amiga, Acorn Archimedes & BBC. Measures Saami 

and comes complete with manual. Onlly....................---£299(E APPLICATION! only 13.5" x 12" x 11". Also works as quality Tv with our KGB 
THE AMAZING TELEBOX! BBC Model B type computer on a board. A major purchase Telebox. Good used condition. 90 day guarantee. Only..£125 (E) 





KME as above for PC EGA standard.............sssesessees £145 (E) 


Converts your colour monitor into a ; ~~ Brand new Centronic 14" monitor for IBM PC and compatibles 
ss computer at a parts only price. Used as a front end grapiice at a lower than ever price! Completely CGA equivalent. Hi-res 


"! 
QUALITY COLOUR TV!! system on large networked systems the architecture of the BBC Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 
: board has so many similarities to the regular BBC model B that } anqwidth. A super monitor in attractive style moulded case.Full 









allows us to offer you the PROFESSIONAL version of the BBC 






we 0 TV SOUND we are sure that with a bit of experimentation and ingenuity many 99 gay guarantee. Only ......... £129 (E) 
& VIDEO useful applications will be found for this boardl! It is supplied WEG CGA 12" IBM-PC compatible. High < . 
TUNER! complete with a connector panel which brings all the I/O to ’D’ quality ex-equipment fully tested with a 90 : 


The TELEBOX consists of an attractive fully cased mains and BNC type connectors - all you have to do is provide +5 and qay guarantee. In an attractive two tone 
powered unit, containing all electronics ready to plug into a host +12v DC. The APM consists of a single PCB with most major ribbed grey plastic case measuring 15"L x 
of video monitors made by manufacturers such as ic's socketed. The ic’s are too numerous to list but include a 43*w yx 12"H. The front cosmetic bezel has 
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 6502, RAM and an SAA5050 teletext chip. Three 271 28 been removed for contractualpgg See 
PHILIPS, TATUNG, AMSTRAD and many more. The composite EPROMS contain the custom operating system on which We reasons. Only.......... (E) 
video output will also plug directly into most video recorders, Nave no data, On application of DC power the system boots and 20", 22" and 26" AV SPECIALS 
allowing reception of TV channels not normally receivable on provides diagnostic information on the video output. On board Superbly made UK manufacture. PIL all solid state colour 
most television receivers (TELEBOX MB). Push button controls DIP switches and jumpers select the ECONET address and monitors, complete with composite video & sound inputs. Attrac- 
on the front panel allow reception of 8 fully tuneable ‘off air’ UHF enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools,Shops, Disco, Clubs. 
dims: main board 13" x 10". I/O board 14" x 3". Supplied tested In EXCELLENT little used condition with full 90 day guarantee. 









colour television or video channels. TELEBOX MB covers vir- © A 
|, tually all television frequencies VHF and UHF including the wih circus diagram, data and competition entry form. 20"....£135 22"....£155 26"....£185 ( 
HYPERBAND as used by most cable TV operators. Composite py F329 95 pe 2 ice F5 3 CALL FOR PRICING ON NTSC VERSIONS! 
and RGB video outputs are located on the rear panel for direct y * (B) Superb Quality 6 foot 40u 
connection to most makes of monitor. For palaierg sll SPECIAL INTEREST 4 9 . I K C b 
- even for monitors without sound - an integral 4 watt audio TE 
- audi Trio 0-18 vdc bench PSU. 30 amps. New rs 1 @ lelialsies 
roth alo and low level Hi Fi audio output are provided as Fujitsu M3041 600 LPM band printer £2950 eS eeeeadane 
Telebox ST for composite video input monitors £32.95 “he ee SEUr ay ee eee £ 150 ; 
Telebox STL as ST but with integral speaker £36.50 “55-1000mhz. Complete with SBTF2 Modulator £6500 Virtually New, Ultra Smart! 
Telebox MB _ as ST with Multiband tuner VHF-UHF-Cable. Caicomp 1036 larae drum 3 pen plotter © 650 L Th Half P oa 
& hyperband For overseas PAL versions state Thurlby LA 160B logic analyser € 375 ess [nan Fall Frice: 
5.5 or 6mhz sound specification. £69.95 4.5kw 115v 60hz power source ¢ 950 Top quality 19" rack cabinets made in UK 
Telebox RGB for analogue RGB monitors (15khz) £69.95 Anton Pillar 400 Hz 3 phase frequency converter 75Kw POA by Optima Enclosures Ltd. Units feature 
Shipping code on all Teleboxes is (B) Newton Derby 400 Hz 70 Kw converter POA designer, smoked acrylic lockable front 
RGB Telebox also suitable for IBM multisync monitors with RGB Nikon PL-2 Projection lens meter/scope £750 door, full height lockable half louvered back 
analog and composite sync. Overseas versions VHF & UHF call. Sekonic SD 150H 18 channel Hybrid recorder £2000 door and removable side panels. Fully ad- 
SECAM / NTSC not available. HP 7580A A1 8 pen high speed drum plotter £1850 justable internal fixing struts, ready 


: ; Kenwood DA-3501 CD tester, laser pickup simulator £350 punched for any configuration of equipment mounting plus ready 
No Break Uninterruptable PSU's BRAND NEW PRINTERS mounted integral 12 way 13 amp socket switched mains distribu- 
Bran J new and boxed 230 volts uninterruptable power supplies tion strip make these racks some of the most versatile we have 
fror, Densei. Model MUK 0565-AUAF is 0.5 kva and MUD Microline 183. NLQ 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore 
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions 
are internal, MUD has them in a matching case. Times from Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) are 77-1/2"H x 32-1/2"D x 22"W. Order as: 
interrupt are 5 and 15 minutes respectively. Complete with full Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels.......£275.00 (G) 
operation manuals............ MUK......£249 (F) MUD......£525 (G) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" widthE 99 (D) Rack2 Less side panels ...............cccscesserceeeeecneesees £145.00 (G) 


1992 Winter Issae of Display News now available - send large S@E - PACKED with bargains! 



















LONDON SHOP Pe 
MAIL ORDER & OFFICES 8) si =i OM Malm O@lalelialcl ALL ENQUIRIES 
gsee, = °**e aie Open Mon-Fri 9.00-5.30 Open Mon-Sat 9-5.30 Free dial-up database! 
$ : é "eco Seee” Dept EE, 32 Biggin Way, Thursday till 9.00pm 1000's of items+info on line 
4 ee : 215 Whitehorse Lane, : | & 
A Sree’ 3 Upper Norwood, Shaiiy Nonvood V21, V22 & V22 bis 
London SE19 3XF. London, SE25. 081-679-1888 Fax- 081-679-1927 ™ 





All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government,Universities, Schools & Local Authorities 
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . Scotland surcharge: call. 
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a retum to base basis.Rights reserved to 
change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash. 
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TENS UNIT: 


Now widely used in the Health 
Service, TENS units help with the 
relief of a wide range of pain. 
They are also commercially available for 
around £80. Our project can be built for a 
fraction of that price, is pocket sized and 
has switching for continuous or pulsed 
operation plus amplitude control. In a later 
issue we will also describe a more 
complex design with additional controls 
for pulse-width, frequency etc. 


L.E.D. MATRIX MESSA GE DISPLA Y 


A versatile display unit with moving messages and graphics. A host of 
features include manually keyed or library messages. 

Message displays are in widespread use and are a very effective medium for attracting attention. This unit 
can be used for a variety of applications including use in a shop window for retail advertising, at discos, 
parties and weddings for entertainment purposes, and for warning or security messages. The ability to 
design your own messages is included, and graphics characters enhance the visual effect. 

This is a low cost project with performance comparable to commercial units, it has the following features: 
Large bright l.e.d. display 
Long range visibility 
Self-contained unit with built-in Z80A CPU 
Single 8V to 12V power supply required 
Easy to use five-key keypad for message input and control 
Four built-in message libraries, each containing about 50 messages 
Manual keying of user messages 
Quick library message access 
Message search facility using a “string” of characters 
Many message display style options 
Message sequencing 
Four fonts (type styles) 

Eight animation styles 

Graphics characters and punctuation in each font 

One-shot or continuous message display facility 

Long message handling (word breaking or whole message scrolling) 
Piezo sounder to assist with key operation and error reporting 


STEREO NOISE GATE 


If you are into any kind of music electronics, perhaps recording or using effects units with a guitar or 
synthesiser, you'll be very familiar with the problems of unwanted noise, be it mains hum picked up on a 
mic. lead, or background hiss rushing in to ruin quiet parts of a performance. 

This unit can go a long way towards cleaning up unwanted noise and will find a home in small recording 
set-ups as well as on stage. 


EVERYDE 


WITH 
EL TRONICS 


OUR MAY ISSUE WILL BE PUBLISHED ON 
THURSDAY MARCH 31ST 
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RANGER 2 
XT/AT + 386 PC 


It has all the features you will ever need 
at an outstanding price. But now with a new 2 
layer 386 Ripup & Retry AutoRouter 


£599 


Option Pack 100% Router 
Simultaneous 6 layer Ripup & Retry 


AutoRouter with via Minimisation. 
Autocad DXF in & out. GERBER in. 


RANGER 1 
XT/AT PC 
Circuit — PCB 


From Circuit Design 
Through to Artwork 
In One Package! 


£100 





Fully Integrated 
AutoRouter 


£50 





Exchange your easy PC 
Fora free AutoRouter 


THIS IS THE 


COUPON 


that brings the 1993-94 


CATALOGUE 


140 pages, A4, copiously illustrated, 
bang up to date and with bonus 
vouchers. Send cheque/PO for £1.50. 


that brings the ae 


CATALOGUE 


SERVICE E& 


with choice of very wide ranges of famous-name quality 
electronic components and associated gear sent 
promptly on receipt of your order. A service 


foci l-lectro falue 


have been providing constructors with continuously . 
since 1965. With this Catalogue, you will find our service 
the best ever. Send for your copy NOW! 


ee ea Recheg terete tortie 











é ELECTROVALUE LTD., UNIT 3, CENTRAL TRADING ESTATE, STAINES, MIDDX TW18 4UX 

1 Tel: 0784 442253 Fax: 0784 460320 

{ | enclose Cheque/PO/Credit Card No. .........ccsssesessseessseseteeetenenenreesssasinesisnseceenenenasnenanenaeenens i 
Value £1.50 for your 1993-94 Catalogue 

: : 
NAME .......cccccccccsccescsssseseccsscssssssccscesacescousssessessnesvacencquensssesnsesneesieonstesnanseassusensuacnsnasegeresasensnsants i 

ACCIESS .......cccceccsccssssscccssesscscsesercsesssqiennedsessensenecncsssensnscsssesensensensssesnentenasseessnanseaseoseasensenseseeees : 
i lgcouanseneavaevdeaceseaeacacsssussssevsessssanceseacpsudscsseecscocesusresesneneasecoosassassseasoceateneaeasancenenecsengeneataneopeersetes i 

POSt COdGE.......5.csccccecscccrcenssvecessedeee 






WE HAVE THE WIDEST CHOICE OF USED DATRON 10614 - Multimeter 6‘ digit with True RMS 


ACICUPTONE.....scssscsccsssssccsessssssssisnssenscsssstssistvetnscagseseesansonetsvesee £1250 
OSCILLOSCOPES IN THE COUNTRY DATRON 1065 Multimeter 5% digit AC/DC/Ohms. IEEE.............. £600 







































HEWLETT PACKARD 3490A Bench Multimeter, 5’ digit 
en Ehret ir inc ——o ACIDC/ONINS.......nnninsinncssmesrnnuniasinununeionnnsmunicunneas £200 
Vailable from . digit wi 
PLUG-INS SOLD SEPERATELY. PHILIPS PM2534 Multi Function DMM 6% digit with GPIB/IEEE ...... £450 


MARCONI Digital Frequency Meter 2430A 40Hz-100Mbz.................£125 
MARCONI Digital Frequency Meter 2431A 10HZ-200MHZ.........0.... £150 
MARCONI Universal Counter Timer 2437 DC-1 00MHZ....cccscosaccsee 
MARCONI Universal Counter Timer 2438 DC-520MHz : 
H.P. 3311A Function Generator 0-1Hz-1MHz Sine/Sq/Tri...... 
BLACK STAR Jupitor 500 Sine/Sq/Tri 0-1H2-S5O00KHZ......cccsseseansen £70 
FEEDBACK FG600 Sine/Sq/Tri 0-04HZ-100KHZ......-ccccscusessanesneueee £60 
MULTIMETER HAND HELD M2355-32 ranges AC/DC 10 Amps 
Diode/Transistor Tester. Frequency COUNTER... £32.50 





TEKTRONIX 2235 Dual Trace 100MHZ Delay SWE@P........ccscseseasn £800 
PHILIPS 3065 2 +1 Channels.100MHz Dual TB Delay Sweep 
TEKTRONIX 475 Dual Trace 200MH7z Delay Sweep.......... 
TEKTRONIX 4658 Dual Trace 100MHz Delay Sweep. 
TEKTRONIX 465 Dual Trace 100MHZ Delay SWEED.....cccusscssen 
TEKTRONIX 2215 Dual Trace 60MHZ Delay SWEEP... £450 
TEKTRONIX 455 Dual Trace SOMHZ Delay SWeE@P.........cccsscacsseseeee 
HITACHI V650F Dual Trace 60MHZ Delay SWeED.......ccsssememeee 
HAMEG 605 Dual Trace 60MHZ Delay........cccccccscssoscsnsntntniesanne 
PHILIPS PM3217 Dual Trace SOMHz Delay SWEEP... ‘400 
IWATSU $S5702 Dual TraC@ 2OMHZ.........cccccsssssssensnensnennasaranee 


















o- Peon neneeeeneeeee nes seenenseneoeseenneseeeereeseesenees 


H.P 8690B Sweep Osc with 86974 Plug-in. 26'5-40GHz 
RACAL/DANA RF Power Meter 9404.....cscscasusmasanennsnanan 
RACAL/DANA 9341 Databridge. Automatic LCR. &Q......... 
WAYNE KERR B905 Automatic Precision Bridge 0.05%....... 
WAYNE KERR B605 Automatic Component Bridge 0.1% 
WAYNE KERR B424 Digital Component Meter LCR 
FARNELL PSU, TVS70MK2. 0-70V SA/0-30V 10A........ 
FARNELL PSU H60/25 0-60V; 0-25A. M@tered ...ccccssscssnunessen! £400 
FARNELL B30/20 0-30V; 20A.......cssssssmsessseaninasnusnsnannasanene £250 
FARNELL B20/10 0-30V; 0A... ccctsssssssusssessmsenanasunsnsananenuetee £200 
H.P.6209B 0-320V; 0-0-1AMPS M@tePed....ccsuscsscssenstsncimumesesen £125 
BRANDENBURG 472R PSU += 2KV. oceania £200 
MARCONI TF2700 Universal LCR Bridge, Battery... from £150 
FARNELL LA520 RF. Power Amp. 1:5-520MHZ 300MW. .occccccssccoe £175 
RACAL 9100 Absorption Wattmeter 1MHZ-1GHZ 3W....ccscsossecoce £100 


FARNELL ISOLATING TRANSFORMERS 
GU500. 240V SOOVA. Un-used £50 


Isolating Transformers Un-Cased £30 


NEW EQUIPMENT 


HAMEG OSCILLOSCOPE HM1005 Triple Trace 100MHz 
Delay TIM@DASE......ecnsnsnsnsisinmseensnsetiustsitstusneiunumssese £847 
HAMEG OSCILLOSCOPE HM604 Dual Trace 60MHz Delay Sweep... 6653 
HAMEG OSCILLOSCOPE HM203-7 Dual Trace 20MHz 
COMPONENT TESTE... vnscsussmusinuussunenninuninusmeese 362 
HAMEG OSCILLOSCOPE HM205-3 Dual Trace 20MHz Digital Storage... £653 
All other models available — all oscilloscopes supplied with 2 probes 


BLACK STAR EQUIPMENT (P&P all units £5) 
APOLLO 10 100MHz Counter Timer Ratio/Period/Time interval 












HITACHI V209 Dual Trace 20MHZ Mains/Battery.........ccccussen £400 
TELEQUIPMENT D32 Dual Trace 10MHz Mains/Battery..............0.. £200 
TEKTRONIX 2430 Dual Trace 150MH7z Digital Storage... £2000 
Heid RONIX 466 Dual Trace 100MHz Delay Sweep Analogue 
MOE clacton icesipensctntpecnaerusa dedtaheaatteetaantonusadae 

H.P. 1741A Dual Trace 100MHz Delay Sweep Analogue 
SUOMI ciscasateicechssssarcanccritues deslsimebeanacsetstcatandsoeseseanccen £450 


THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE 







































MARCONI 2019 Synthesized AM/FM Sig Gen 80kHz-1040MKz.....£2000 
RACAL 9018 Synthesized AM/FM Sig Gen 15-5 20MHZ.......ccsccsese £600 
FARNELL PSG520H Synth. AM/FM Sig Gen 100kHz-520Mb2........... £600 
WAVETEK 802 Pulse Generator SOMBZ..........csssssunsmusmseneese £300 
RACAL/DANA (Interstate) P25 Pulse Gen 1Hz-50MHz Dual Output.£200 
H.P.8011A Pulse Generator 01Hz-20MHz Pos/Neg/Sym Output...£200 
LYONS PG73N Pulse Gen. PRF 1Hz-20MHz 5 nanosecs £150 
PHILPS PM6309 Distortion Meter 0-01 %............ 
H.P. 5341A Frequency Counter SOMHZ-4:5GH2...... 
RACAL 1998 Frequency Counter 1:3GHz (GPIB & High Stab).......... £900 
RACAL/DANA 1991 Universal Counter /Timer 160MHz 9 digit......... £800 
ROTEK 610 Calibrator AC/DC........::sss:sssnnismnusesnnsnnnennenee £1750 
WILTRON 560 Scaler Network Analyser with Detector... £1000 
HP. 5006 Signature Analyser.........::0:s:imnsiunnunnnnnnnnee £150 
LINDOS LA1 Mk2B Audio Analyset............unssmnunnunnmnninnnneie £500 
COSSOR 108L Optical Cable Fault LOCAtOF nasser £1500 
BICCOTEST T431M Cable Test Set.......ncsccssseesuensen senate £1000 
GAY MILANO Line Voltage Analyser...... vice 900 
HP. 7470A Plotter 2 pen A4 HPIB........scssmsssmmnmunimimnnnen 


SPECTRUM ANALYSERS 


i ren ace Saat a Ea 
P. wi = 1 ZOUMIZ......ccee 
HP. 140T with 85541 & 8552A SOOkHz-1250Mbz............ METEOR 600 FREQUENCY COUNTER 600MHZ 
i ~ZQOKHZ. ccc 000 METEOR 1000 FREQUENCY COUNTER 1GHZ.....cccccsscsssssnsesueuee 
Picsceactsed JUPITOR 500 FUNCTION GEN. 0-1Hz-500kHz Sine/Sq/Tri.. 
ORION COLOUR BAR GENERATOR Pall TV/Vid@0...occccccccccocecoseec 
Allother Black Star equipment available 


OSCILLOSCOPE PROBES Switched X1 X10 (P&P £3) 


Used Equipment — Guaranteed. Manuals supplied if possible. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before 
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage. 


STEWART OFREADING 3 


KN 110 WYKEHAM ROAD, READING, BERKS RG6 1PL mice 
Tel: 0734 268041 Fax: 0734 351696 Callers welcome 9am to 5.30pm MON-FRI (UNTIL 8pm THURS) ' 
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A SELECTION OF NEW SURPLUS 
LINES FROM OUR MASSIVE STOCKS! 


WATERPROOF | FEP= SOUNDAC | SUPER 

SPEAKERS | A low cost sound card for your PC! | TRANSFORMERS 

Super quality . . 12V @ 2A -16V@ 2A 

& value! As featured in this months E&PE!! | price - £3.50 each ” 
Complete kit of parts, including PCB & 


£2 = D5 each a np 
ly Software. FOR JUST £12.95 
SUPERB BRAND NEW INSTRUMENT CASE & PSU 


1000 + £1.65 
100+ 1.20 — Overall size 64 x 53 x65mm 
Memory Back-up 

Z9201 Excellent quality 2 part pale grey steel instrument case 
os - 285Wx293Dx78H. 

















































MINI STROBE 
Capacitors : 


Miniature large capacitance type 


SPEC: 

47,000 pF 5.5V 

ried y time (5 -2V) 

23 hrs @ 3pA. 

Made by NEC. Size 8x11.5mm@ 

Current list price £1.77 each 

Our Special low prices: 25 + 0.55 



















































small vents on sides & 1 at rear. Inside 
21s a 38W switchmode PSU made by 
Astec, model SA40-1310. 115/230V 
input, outputs: +5V 2.5A;+12V 2A; -12V 0.1A. Outputs wired to flying leads, 
5S0x60x25mm. 12V 0.16A fan fitted & wired. 2 multipurpose slotted angle 
brackets are fixed into the rear of the cabinet allowing a wide variety of 
equipment to be mounted within panels, disk drives etc. OUR PRICE 

23144 pack of 3 100 + 0.35 

Max tube power... . 15W @ 15 flasnes/second 


(space available 250x150x70). Distributor price on this 
EZ.OO 1000 Lo.z7 | mustdo £70- £80. £24.95 
POWEE ata ae ates 220/240Vac SOHz 


SUPER MOTOR OFFER ! ele ie Serkan ae prepaid 
Normal Price £22.95 


8.90 









Top quality mini strobe with a very high 
light intensity for its size. Flash rate 
adjustable up to 15 flashes per second. 
Steel case with adjustable mounting 
bracket. 

Flash fal. . fhe wk yess 15 per second max. 




















SERGE 3: Z9197 EPROM Programmer board. This 
de = «157x107mm panel has a 28 pin ZIF skt, 

8255, 2732 and 3 x HM6116LP-3 RAM 

chips, all in sockets + 7 other chips. £3.95 












Spec: RPM: 15,000 no load 
Size: 25x20x15mm Current: 50mA 
























Volts: 12V Spindle: 8.5 x20 = | 
<i. f <=> a ; “4 Bae SE RoR SPSS 
100 + 0.14 1000 + 0.10 = Z9198 Input/Output control and memory — 


















expansion board, with a breadboard user area, 
overall size 222x158mm. Chips on board 
include Z80A PIO & CTC, 8251 (all in 
sockets) + 10 other chips. Uses PIO to 
: = control the serial input and output, CTC to 
: control the counter and timer. In addition a 
2732 EPROM contains 4 programs - one for demonstrating PIO, two for 
CTC and one for 8251. A 132 page manual gives comprehensive information 
on the panel, and there's a short 40 way IDC lead, too. All this for £5.95 


W89 Black lastic _ briefcase 
400x270x90mm has many uses. - 
sample case, documents, tools, 
hobbybox, sewing box - even lunch 
box!. Comfortable carrying handle 
and secure fastenings 


xtstiargl 
PRICE 




































CD04 - Neat rectangular style CD 
Headphones, compact design with 
extremely good sound. These retail 
for up to £19.95 (depending on how 
posy the store is!). Spec: 16-22,000Hz 
Somarium cobalt transducers. Gold 
plated 3.5mm plug & adaptor. 32R 


impedance 
£4,95 














Z9196 Printer board 157x108mm. This is 
probably the most useful panel, and we hope to 
supply a disk with it to use with a PC. There's 
a compact thermal print mechanism on board 
20 characters/138 dots per line), together with 
a 2732 ans 7 other chips. A connecting lead, 
roll of thermal paper and 32 page handbook are also included. £7.95 







W68 A _ smaller more compact 
version - this case measures 
270x175xSOmm, and has a 
ee handle and snap shut 
catch. 


price £1,995 
412VU 3BOAH 


SEALED LEAD ACID 
BATTERIES 


Order Code: Z9186. Sealed lead acid 
battery by Panasonic (Matsushita), Suberb 
quality & value. Constant voltage charge 
12V 17Ah size 182 x 167 x 75mm. 

Voltage regulation :- Cycle Use 14.6-15V - 
Standby Use 13.6-13.8V. ; 
Initial current - less than 6.8A. These look 
brand new & have been checked & 
ect ape by us prior to despatch. Use our 
Al1 charger for re-charging. Bolt 


terminals LIST PRICE 
OVER £50!! 








SUPER 
PRICE 




















Z5714 BASIC chip (27C64 EPROM) + programming 
manual. Again, for use with the MIcro-Professor. 12 chapters 
+ 9 appendices - 196 pages of informative text. £3.95 














ZS715 FORTH chip (2764 EPROM) + programming manual Be. . 
146 pages of comprehensive information on the FORTH £ = 
language. £2.95 


Phone Nos: SALES 0703 236363; Technical 325999; 
Accounts 231003; Fax (All depts) 236307; FaxOnDemand 236315* 


*To obtain latest lists, info etc, just dial 0703 236315 from any fax machine and follow instructions. 
All 1 off and pack prices include VAT, qty prices do not. P&P £3 per 
order (£9.50 next day). Min Credit Card £12; Official Orders 


alt transducers. Spec as CD04 me welcome from Education - min invoice charge £15. Payment 
1 ide. Attractivel P kaged with GREENWELD accepted by cheque, PO, cash, book tokens, Access, Visa, 
alongside. actively packag Bescon | Connect. Our stores (over 10,000 sq 
spare covers CTRONIC ao ft) have enormous stocks. We are 
COMPONENTS | ‘NX VISA open from 9-5.30 Mon-Sat. Come and 

| | RR sce us! 


SUPER Coy 
PRICE £3.95 27D Park Road Southampton SO15 3UQ 














































Eos on 


MDR20 - Personal stereo headphones. 
Again, top quality using somarium 
co 
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ELECTRONIC COMPONENTS 


PROJECT BOXES A range of high quality boxes moulded in black high impact ABS, 
easily drilled or punched to produce a professional looking end product 


TYPE Ww L H PRICE 
T2 75 56 25 £0.77 
T4 111 57 22 £0.92 CRYSTAL OSCILLATORS 
MB1 79 61 40 £1.35 
MB2 100 76 41 £1.47 4.0 mhz ALL 
MB3 118 98 45 £1.71 7.5 mhz £1.50 each 
MB4 216 130 85 £5.19 12.0 mhz 
5 150 100 60 £2.35 
MB6 920 150 64 £3.95 ar ti 
MB 7 177 120 83 £3.42 we FUN 
MB8 150 80 50 £2.22 


All sizes are in millimetres 


MICRO SWITCH roller arm operation spdt 40p each 
MINIATURE TOGGLE SWITCHES 


spat 60peach _ _ spdt 3 position c/off 70p each 
dpdt 70peach_  dpdt3 position c/off 80p each 
spdt biased 60peach  spdt3 position c/off biased both ways 70p each 

dpdt 3 position c/off biased one way 80p each 


MINIATURE PUSH TO MAKE SWITCH 50p each 
DIL RELAYS 5 voit dp/changeover 60p 10 for £5.00 
12 volt dp/changeover 80p 10 for £6.00 


£1.20 each 


‘D’ CONNECTORS 
plug socket 
30p 30p 
40p 40p 
50p 50p 


RELAY 10 amp contacts sp/changeover 12 volt coil 
CAR HORN RELAY in metal can with fixing lug, 
s/poleon10ampcontacts £1.00 each 6 for £5.00 
20 AMP RELAY dp on 12 volt coil 
£1.50 each 4 for £5.00 
REED RELAY 12 voit 50p each 10 for £4.00 
240 VOLT AC RELAY. 3-pole c/o 10 amp 
contacts £1.50 each 4 for £5.00 
SEMICONDUCTORS - TRANSISTORS - ICS - DIODES - REGULATORS - ETC 
VOLTAGE REGULATORS 
SPECIAL OFFER 


1 amp 7805/7812/7815 all 33p each. 7905/7912/7915 all 39p each 
2 amp 78505/785212 54p each PROJECT BOX 


cover 
35p 
35p 
40p 


9 pin 


15 pin 
25 pin 







100mA 78L05/78412/78L15 all 26p each. 79L05/79L12/79L15 all 29p each In white 
Adjustable LM317T 47p each. LM723 29p each, L200 £1.28 each high impact ABS 
Transistors TIP2955 70p each, TIP 3055 70p each aH th 5mm 


2N3053 29p each, 2N3055 70p each, 2N4403 28p each, 2N3819 40p each 
MICRO IC’S —Z80A CPU £1.20; Z80A PIO £1.50; Z80B SIO-1 £4.00 
OPTO DEVICES -— LEDS - ETC 

5mm rnd red/yellow/green/amber 10p each 12 for £1.00 any mix 
5mm rnd high brightness red/green 20p each 6 for £1.00 any mix 
5mm rnd flashing red 60p each, yellow/green 70p each 
5mm rnd bi-colour 35p each, tri-colour 45p each 
LED mounted in chrome bezel red, yellow or green 30p each, 4 for £1 
LED mounted in a black bezel red only 25p each, 5 for £1.00 
PLASTIC BEZEL for 5mm rnd leds 10 for 40p 
High brightness bi-colour |.e.d., rectangular, red/green, two leads 40p each 


TEMPERATURE PROBE 
High quality probe made for the medical profession. Consists of a resistive sensor 
mounted in a plastic covered probe with a 1 meter curled lead. Temp. range — 40 to 
150°C. Resistance at: 150°C 188.3 ohms; — 40°C 336.5 kohm; 25°C 10.0 kohm + 70 ohms. 
The original price of these probes was over £24.00. Full data supplied. OUR PRICE £3.76 
RESET TIMER PCB 
Gives a timed relay closure following a momentary input. Requires 12V d.c. supply SP c/o 
relay output LED indication. 19 different time intervals from 25sec to 35min 20sec. £5.98 each. 
UNIVERSAL BELL TIMER 


10 or 20 minute bell cut off + ve or — ve trigger* timed relay contacts. 


ALARM CONTROL UNIT 
Single zone alarm control unit built into a domestic light switch box. Ideal for home, 
caravan, boat, garage, shed etc. 
Facilities: - Normally closed loop for pir sensors, door/window contacts etc. Normally 
open loop for pressure mats. 24-hour loop for personal attack button Visual indication 
that the system is operational. Automatic 
entry/exit delay. Automatic system reset. 
Alarm output cmos logic level. 
PRICE COMPLETE WITH FULL INSTRUCTIONS 
SUB-MINIATURE PASSIVE INFRA-RED SENSOR ONLY £7.95 
Brand new passive infra-red sensor, measures only 
33mmW x 24mmH x 29mmD. Logic level output. Full data 
and application notes supplied. 
EX INSTALLATION SENSORS tested working. 
Type 1. Measures 180 x 112 x 70mm with walk test led, relay outpu cS 
and tamper protection. 12 volt dc supply required £8.50 each 
Type 2. As above but a smaller unit 123 x 62 x 50mm £11.75 each 
Type 3. Ceiling mounting passive, infra red sensor 360° detection, 12V d.c. supply relay 
output, tamper circuit and pulse count option. Data supplied. £15.70 each 


60p each 10 for £5.00 


£4.96 


£8.95 












Please note: There may be variations in the size DOOR/WINDOW CONTACTS 
of the above passive infra red sensors depend- | Surface or flush mounting, yee : 
.10 eac 


ing.on stock at the time of ordering. But the unit 
will certainly be within the stated sizes. ss 
DUAL TECH SENSOR Microwave and passive 
infra-red combined. Separate led indication for each function. Measures 120 x 75 x 
50mm. 12 volt d.c. supply, Relay output. Tamper protection. £29.95 each 
ALARM CONTROL PANEL ST3000 ; a3 
*Wire free alarm control panel, detectors communicate with the | 
panel by means of radio transmitters*. Speech synthesis for pro- 
gramming and general operating guidance’. Built in user pro- 
grammable telephone dialler*. Up to 32 transmitters can be be 
used’. Programmable exit/entry and bell timers*. Programmable 
user codes.” Full installation data supplied, the only thing that has 
to be handwired is the output to the siren/bell unit (not supplied)". 
These control panels cost over £300.00. Yours for only £59.95. 
Suitable PASSIVE INFRA SENSOR/TX £25.85 
Battery operated, available in 8m range, 10m range or 25m range. 
UNIVERSAL TX 
For connection of normally open or closed contacts e.g. door/window switches, pressure 
mats etc. £17.63 


JUNCTION BOX 
white 6 wa 
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SIREN 
12 volt dc for external use 115db £8.95 


































































































BREADBOARDS — CAPACITORS — SOLAR CELLS - 


HEATSHRINK — ETC 
SOLAR CELL 2 voit 150mA max, size 60 x 100mm 


BNC SOCKETS 50 ohm single hole fixing 


MERCURY TILT SWITCH 
Standard on/off £1.00 each 


£1.35 each 5 for £6 
50p each 10 for £4.00 


BREADBOARD 
173 X 65mm 840TP £5.25 each 
4 Contact (Directional) £1.50 each TEXTOOL ZIF SOCKET 
PIEZO VIBRATION SENSOR 


with data sheet £1.00 each 


28 pin zero insertion socket £5.95 each ; 





6 VOLT NI-CAD PACK 5AA NI-CADS, fast charge type £3.95: 
CAPACITOR 10,000 mfd 25 volt with fixing clip 60p each 
EPROMS 27C256 - 30 27C512 — 25. Once programmed but never used eprom. 
Mounted on a plastic carrier, can easily be removed from the carrier or used with a. 
low insertion force socket. 
27C256 £1.00 each 6 for £5.00 27C512 £1.20 each 5 for £5.00 
Suitable low insertion force socket 28 pin 40p each 3 for £1.00: 
MULTITURN PRESETS 20mm RECT, 500R, 1K, 5K, 10K, 20K, 50K, 100K 1MO. 

40p each, 3 for £1.00" 
CAR CIGAR LIGHTER ADAPTER (DUAL SIZE) 
mounted on two metres of cable 
100db PIEZO SOUNDER 
2KHz note, 3-12V d.c. 40Ma, 45mm dia. x 26mm 
VIBRATION SENSITIVE ALARM BOARD WITH PIEZO SOUNDER . 
Originally a bike alarm. There is a short delay after activation then the piezo 
sounder operates for a preset period. £3.76 each 
or the above alarm board with custom designed case, fixing clip and keyswitch £9.95 
INFRA-RED BREAK BEAM Transmitter and receiver p.c.b. with 2 lens assemblies. | 
12V d.c. supply. These are ex-installation units and are not guaranteed to be 


£2.00 each 
£1.76 each. 


working. £4.96 pair 
RECHARGEABLE BATTERIES £7.64 each 
AA (HP7) 600 mAH £1.02 each C (HP11) 1200 mAH £2.29 each 
D (HP2) 1200 mAH £2.40 each PP3 8.4V 100 mAH £4.77 each 
FLOURESCENT LIGHT INVERTOR. Drives an 8 watt tube directly from 6V d.c. Data 


supplied £4.50 each 


£1.00 BARGAIN PACKS 


SUB-MINIATURE TOGGLE SWITCHES . 


P.C.B. Mounting 

BO1 S.P. on 4 for £1.00 

BO2 D.P. on 3 for £1.00 

BO3 3x D.P.3 pos, centre off 

BOO4 DIL SWITCHES 4-way S.P. on 3 for £1.00 

BOOS DIL SWITCHES 8-way S.P. on 2 for £1.00 

BOO6 DIL SWITCHES 12-way 90° sp on 2 for £1.00 

BOO7 12x PP3 BATTERY SNAPS 

BOO8 1x CAPACITOR 1 FARAD 5.5 VOLT 20mm dia. x 7mm high 

BOO9 INSTRUMENT KNOBS (0.25” SHAFT) High quality grey plastic knob, collet 
fixing 15mm dia, 5 for £1.00 

BO10 as above but 29mm dia, 3 for £1.00 

BO11 4x MAGNETIC EARPIECE 8 ohm with 3.5mm plug 

BO12 4x 28-WAY TURNED PIN DIL SOCKET 

BO13 15x12 VOLT WIRE-ENDED LAMPS 

BO14 8x2 PIN DIN PLUGS screw terminal connection 

BO15 2x LIGHT DEPENDENT RESISTOR Less than 200 ohms in daylight, greater 
than 10 megohms in darkness 

BO16 1x KEYPAD 20-key in 5 x 4 matrix bubble type switch contacts 

BO17 2x PIEZO BUZZERS approx 3 to 20 volt d.c. 

BO18 5x 78M12 VOLTAGE REGULATORS positive 12V 500mA 

BO19 4x TLO82CP bi-fet op-amps 

BO20 20 x ASSORTED LEDS full spec. various shapes and sizes 

BO21 3x INFRA-RED DIODE TX/RX PAIRS made by Honeywell(no info) 

BO22 4x CONSTANT CURRENT LED 5mm round, red 2-18V d.c. or a.c. nominal 
14mA 

BO23 50 x IN4148 diode 

BO24 2x INFRA-RED TRANSISTOR FPT5133 

BO25 5x DIACS 

BO26 3 BDX33C 10 amp 100V npn transistor 

BO27 12 x 2N3702 Transistor 

BO28 12 x 2N3904 Transistor 

BO29 12 x BC337 Transistor 

BO30 4x LM317T Variable regulator mounted on a small heatsink 

BO31 2x MAN6610 2 digit 0.6’ 7 segment display Com anode, amber 

BO32 3x PHONO TO PHONO LEAD 63cm long 

BO33 15 x RECTANGULAR RED LEDs 6 x 6 x 2mm stackable 

BO34 1x PHOTO SENSITIVE SCR mounted on a PCB, data sheet supplied 

BO35 4x IEC Panel Mounting Mains Plug Snap fix 

BO36 5 x ASSORTED PIEZO TRANSDUCERS 

BO37 5 LENGTHS OF HEATSHRINK SLEEVING 8mm dia. 400mm long 

BO38 25 x CERAMIC DISC CAPACITORS 0.1 mfd 63V 

BO39 15 x MONOLITHIC CERAMIC CAPACITORS 0.1 mfd 63V, in a dil package 

BO40 25x ASSORTED ELECTROLYTIC CAPACITORS PCB mounting useful values 

BO41 25 ASSORTED PRE-SET RESISTORS 

BO42 6x 3-5mm LINE JACK SOCKETS (mono) 

BO43 6 x 3:5mm JACK PLUG (mono) — 

BO44 8x 3-5mm CHASSIS SOCKET (mono) 

BO45 2x TRIACS 800 voit 8 amp 

BO46 12 x BC213L Transistor 

BO47 12x MIN SLIDE SWITCH dpdt 

BO48 15 x MIN CERMET TRIMMER POTS (good range of values) 

BO49 1x PCB WITH TWO LARGE LEDS 15mm square, one red and one green 

BO50 1x 12V DC RELAY 4-pole c/o with plug in base 

BO51 4x LM324 quad op-amps 

BO52 4x 555 Timer 

BO53 5x 741 op-amp 

BO54 25 x IN4001 diode 

BO55 20 x IN4007 diode 

BO56 1x SLOTTED OPTO 

BO57 1x DAC08 Digital to analogue convertor with data 

BO58 4x OPTO ISOLATOR 

BO60 3x C106D Thyristor 

BO61 5x 78M05 VOLTAGE REGULATORS positive 5 volt 500mA 

Please use order code when ordering the bargain packs. 














Please make cheques and postal orders payable to Mailtech. 
All prices include VAT. 
Please add £1.00 postage to all orders. 
At the moment it is not possible to have a full telephone answering 


service. But we will have the phone definitely manned on Tuesdays, 
Wednesdays and Thursdays between 10am and 4pm. 








Dept EE, Mailtech 
1 Om -{o> am Rom Mere Loh" 
Shropshire SY8 4NA 


Tel/Fax: O58 474475 
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iis || CATALOGUE | 
UK Distributor for £1.90 | 


Standard Toroidal Transformers 
°107 types available from stock 
*Sizes from 15VA to 625VA 
*Dual 120v primaries allowing 110/120v e 
or 220/240v operation 
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SERIES SERIES 
0 NO 


NO. 
03010 | 6 1.25 63012 
0 63013 
63014 
63015 
63016 
63017 
63018 
63026 
63025 
63033 
63028 
63029 
63030 
73013 | 
73014 | 
73015 











The new enlarged 
Catalogue is out now! 


>» New direct phone lines for prompt service 











>» 16 more pages 








> £££’s worth of discount vouchers 
83017 | 30+30 


£29.57 89018 | 35135 | 7, > 100’s new products 


i8 7 > 240 pages, 26 sections, over 4000 products 
110 


220 . > New section of entertainment and accessories 


a090 [10 including disco equipment, audio mixers, car 
: 


4040 | 7 amplifiers, crossovers, speakers and boosters 
+ : 








> Complete range of Velleman kits now stocked 





» The latest scanning receivers and accessories 





inched te > New Ni-cad batteries and chargers 


8C267  S500VA 18+18V £3; 
97845 675VA 16.1V £38.06 








> New range of telephone equipment and accessories 
oa > Published December 1993 
| VISA 


iiss } » Available from most large newsagents 
Prices include VAT and carriage or direct from Cirkit 







Quantity prices > Send for your 
available on request copy today! 





Write, phone or fax for free Data Pack 


Jaytee Electronic Services 


Unit 171/172, John Wilson Business Park, 
- Whitstable, Kent CT5 3RB. U.K. 
Tel: (0227) 265333 Fax: (0227) 265331 






Park Lane - Broxbourne - Hertfordshire - EN10 7NQ 
Telephone (0992) 448899 - Fax (0992) 471314 
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".. there is no doubt that running under Windows puts it ahead of the 
field and makes it a visually attractive package." Electronics World + 
Wireless World July 1993 


High Quality PCB and Schematic Design for Windows 3/3.1 and DOS 


oO Supports over 150 printers/plotters including 9 or 
24 pin dot-matrix, DeskJet, LaserJet, Postscript, 
and HPGL. Professional Edition imports GERBER 
files, and exports GERBER and NC-DRILL files. 


Up to 200,000 pads/track nodes depending on j 
memory. Simple auto-router and schematic capture : 
tools with SPICE compatible net-list output. ‘ 


Low cost DOS version (reduced features) also 
available. Ring for full details! 


“Quickroute provides a comprehensive and effective introduction to PCB 
design which is a pleasure to use" Radio Communication May 1993. 


POWERware, Dept EE, 14 Ley Lane, Marple Bridge, Stockport, SK6 5DD, UK. 
Ring us on 061 449 7101, Fax 061 449 7101, or write, for a full information pack. 


Software e 
« Design 























FANTASTIC SAVINGS 2. 
ON _WIETER 


LCR Meter @ 3/Digit m7 Cop m6 
inductance & 7 resistance ranges £69.95 
AND MORE !!! 
A323 Dg VILA shhhtttheh 


Mm Capacitance Meter & 3/ Digit 
@ 9 ranges 18mm LCD display £69.95 
METEX 4% DIGIT DMM 
M4650 wi 30 Range 4% Digit 
Display 17mm M@ 0.05% Accuracy. 
Features: i 2-Range Frequency 
Counter @ 3-Range cap test 
@ Transistor and Diode Test 
@ Continuity LED and buzzer ™ Data 
hold switch i 5-ranges AC/DC Volts 
@ AC/DC current to 20 Amps 
@ With leads, battery, instructions 


and hard case 
\ (was £77.95) 
Now ont £99.95 


4444 4A SSSA SSS 


TL34 33 Range & 3% digit 
24mm Large Display 

Features: i 5 Capacitance ranges M 6 - 
resistance ranges to 20M ohm @ Diode 
and transistor test @ 5. AC/DC volts 
ranges Basic 0.5% accuracy. 

@ 5 ranges AC/DC current fo 20 Amps 
@ With leads, battery and instructions. 

















Digital Lux Meter 

@ 3 ranges @ 3% digit LCD @ Data hold 

output terminal £68.95 

Sound Level Meter 

@ 40 to 120 db @ Tworanges £51.95 

Analogue Clamp Meter 

@ 0/300 amps @ AC 5 ranges @ 0/750 

VAC 0/75v DC m 0/200 K OHM £36.95 

Digital Clamp Meter 

@ 3¥ Digit @ 11 ranges incl temperature 

@ Data hold etc. £63.50 

AC/DC Current Clamp 

@ 0/2000 amps AC/DC two ranges fo' 

use with Dmm’‘s £58.95 

Temperature Measurement 

@ Dual input 3% Digit °c/°f with 

thermocouple (Xl) £45.95 

BENCH INSTRUMENTS 

Digital LED Capacitance autorange 

bench meter 0.1% £99.95 

LCR bridge £126.00 

7 Digit frequency 10HZ to 20OMHZ 
£89. 





































































(was £32.95) Po 
Su 
0/24 "single Meter “wy PLIE 
0/2 4y amps efter 
O80) ao “Samps '€79.95 
- Twin v2 98 amps '€97.09 
Wh 515,00" £145.09 
-15V de : 
MX190 ty 4 amps eo00 
B19 Range 3% Digit Features: 6 Ron £57.95 
™ AC/DC Volts (0.7%) ™ 0-10 ADC 9° RF Gen 100 kre 20240 ac 
current ™ 0/2k/2MEG ohmresistance 5. KHZ to 150 MH 
@ Diode test @ Signal injector function 5; range Audio Ge, z 
ME/Square ” 1OHZ to 7 M _ 
Z to Az 













@ With leads, 

battery and 

instructions OF 
(was £16.95) | 


Full details send for instruments 
info pack (SAE 36p UK) Ref: TG 


misale 


AUDIO ELECTRONICS 


(Reg. Prop Cubegate Ltd) 


SH to 509 £110 
Sine/So/triang Function Gen 
£126, 
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ALL PRICES INCLUDE VAT 
OPEN 6 DAYS A WEEK 
404 Edgware Rd, London W2 1ED | ag | 
Tel: 071-724 3564/071-258 1831 
Fax: 071-724 0322 


Discounts for quantity and education J >.."-4 
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Quickroute is available for Windows 3/3.1 in Professional (£99.00) and Standard (£59.00) editions, 
and for DOS with reduced features (£49.00). All prices inclusive. Add £5 P+P outside UK. 








SYSTEM 200 DEVICE PROGRAMMER 


SYSTEM: Programs 24, 28, 32 pin EPROMS, 
EE-PROMS, FLASH and Emulators as 
standard, quickly, reliably and at low cost. 







Expandable to cover virtually any 
programmable part including serial E2, 
PALS, GALS, EPLD’s and microcontrollers 
from all manufacturers. 








DESIGN: 





Not a plug in card but connects to the PC 
serial or parallel port; it comes complete 

with powerful yet easy to control software, 
cable and manual. 






SUPPORT: UK design, manufacture and support. 


Same day dispatch, 12 month warranty. 






ASK FOR FREE 
INFORMATION 











PACK 
ih C1] [u GERMANY 089/4602071 
3 NORWAY 0702-17890 
| ITALY 02 92 10 3554 
MQP ELECTRONICS Ltd. FRANCE (1)69.41.28.01 
Unit 2, Park Road Centre, IRELAND 1-2800395 
Malmesbury, Wiltshire, SN16 OBX UK SWEDEN 08-590-32185 







TEL. 0666 825146 FAX. 0666 825141 Also from ELECTROSPEED UK 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITS 


No. for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 
are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 














UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including: 
MiC. 3-12V Operation. 500M rANGe..........cccccccccccccsscescescesecsccscesceevesecesreseeees £16.45 


MTX Micro-miniature Room Transmitte: 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range..................... £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 


Measures 22mm x 22mm including mic. 6-12V operation, 1500m range.............. £15.45 
VT500 High-power Room Transmitter 

Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000M range... ccc cceecesesesscscesessesescesessescsseesseeeeees £16.45 . 
VXT Voice Activated Transmitter 


Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
BOOM FANGS iit di iotecn Bets Bb rha ied ck A tered teceetician Sd £19.45 


SCRX Subcarrier Scrambied Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 


connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range............. £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires. SCDM connected to receiver. Size 32mm x 37mm. 1000m range............ £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation 0.0... eeccesccesceseseseseseseseees £22.95 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
PWC TROY THONG eocicctctxineseoviicastnestxrsccrsicessaedchispassatotdndtsceurendaeettintienddeacuvinorianiesen £13.45 















unit with decoder and xiang momenta 
| boards set your own unique yng code. 


veenwens PUP eee ei ii ie eee ee eee eee aT 


SETTER AMEN ORT OT RRO E ENTREE ee Eee Oe R RRS e ee eee 


tentteeenaneatenes iti thet Pei eeehin tee ee eet Pe eee eee eee ee eee ee ee ed 


to the headphone output 
ur Hi C to a nearby radio. Listen to your 
danas: music anywhere around the house, outer, in the bath or in the garage and — 
| you bowing to ~~ up with the DJ's choice and boring waffle. Size 27mm x 60mm. 


9 | CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


i een 


DEPT. EE 






SUMA 
By AY [Cc] AS 
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UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range..................0.- £15.95 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range ..............0.0.cceeeee £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

PO TAN ss dacersaspnsasarsicstessseavairsteossssssnrar epee mineicaamereelean £16.45 


TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
Signalling or tracking purposes. High power output giving range up to 3000m. Size 
25MM X G3MM. OV Operation... ccccccccccccsecccscecessecssscescscsesesscsscecseessesssseees £22.95 


CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
GO ns ca satesceteta esi acca en tdi carcsd recdacvaed eatin ints avene adele westcoteees £30.95 
CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 


_ pagers, cellular, taxis etc. Size 70mm x 100mm. QV operation ........... eee £50.95 


QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue). Size 
20mm x 67mm. 9V operation. 1000M range.............ccccecccesecessesesecsneeseseeseseens £40.95 


QLX180 Crystal Controlled Telephone Transmitter 
As per QTX180 but connects to telephone line to monitor both sides of conversat- 
tions. 20mm x 67mm. 9V operation. 1000M range... ceecccscceseeeseeeeeeees £40.95 


QSX180 Line Powered Crystal Controlied Phone Transmitter 


As per QLX180 but draws power requirements from line. No batteries required. Size 
32MM X 37MM. RANGE 50OM..........c.ccecccsecesessescscsecsssescssssssesesnsssssscaseesucscssseeresees £35.95 

QRX180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
Supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation .............ccceceeses. £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 


j Clearance. Overseas customers send sterling bank draft and add £5.00: per 






order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 









THE Wor«KsHops, 95 MAIN Roap, 
BAXTERLEY. NEAR ATHERSTONE, 
WARWICKSHIRE 


VISITORS STRICTLY BY APPOINTMENT ONLY 


Tel/Fax: 
‘0827 714476 


eh) B74 & = 


Pay | 











135 Hunter Street 
Burton - on - Trent include V.A.T. 
a a Staffs. DE14 2ST Add £3.00 per 
: ELECTRONICS LTD Tel 0283 65435 Fax 46932 £6142 orderp &p 


SHOP OPEN 9-5 MON-FRI. CLOSED SAT --- OFFICIAL ORDERS WELCOME 


E.E. TREASURE HUNTER 12V EPROM ERASER 
PI. METAL DETECTOR MOSFET Miki VARIABLE A safe low cost eraser for up to 4 EPROMS ata time 


All Prices 


















a B E N '€ i POWE R in less than 20 minutes. Operates from a 12V supply 
Magenta’s highly 7 (400mA). Used extensively for mobile work - up- 
developed & SUPPLY 0-25V dating equipment in the field etc. Also in educa- 
acclaimed design. 2:-5A tional situations where mains supplies are not al- 
Quartz crystal ‘ lowed. Safety interlock prevents contact with UV. 
controlled circuit Based on our MkI design and KIT 790 £28.51 
MOSFET coil drive. preserving all the features, aaa nea nanan tana 
D.C. coupled but now with switching MOSFET 25V 2.5A 
amplification. Detects pre-regulator for much POWER SU PPLY 


10p coin at 20 cm. 


Full kit includes higher efficiency. Panel 


High performance design has made this one of our 


indi lassic kits. Two panel meters indicate Volts and 

PCB handle @ KITINC. meters indicate Volts and c an 

' ’ Amps. Variable from 0-25 Volts and current limit 

case & HEADPHONES oh gg Bp bia gan to control from 0-2:5A. Rugged power MOSFET out- 
search coil. zero. !oroidal mains trans- put stage. Toroidal mains transformer. 


@ EFFICIENT former. Kit includes punched 

CMOS DESIGN and printed case and all 

parts. As featured in April 

OOWE FOL COIL 1994 EPE. An essential piece 
, of equipment. 


ie: eee eee £56.82 
INSULATION TESTER 


A reliable. and neat electronic tester which checks 
insulation resistance of wiring and appliances etc., 





ad 00 Volts. T it is b 6 
KIT 845............ £64.95 Ad ot ob ee Coe in 
@ DETECTS FERROUS AND 100 Megohms can be read easily. A very popular 
NON-FERROUS METAL-GOLD, DIGITAL CAPACITANCE METER college project. 










SILVER, COPPER ETC. A really professional looking project. Kit is sup- KIT AAG . geek £22.37 
@ 190mm SEARCH COIL plied ely mete and eae panel, ‘eieniaioae 
case, p.c.b. and all components. Quartz co 
@ NO ‘GROUND EFFECT’ olen 2 es of 1%. iva clear 5 digit : 3 BAND SHORT WAVE RADIO 





‘Covers 1.6 to 30MHz in three bands using 
modern miniature plug-in coils. Audio output 
is via a built-in loudspeaker. Advanced stable 
design gives excellent stability, sensitivity and 


unmarked capacitors from a few pF up to selectivity. Simple to build battery powered cir- 
eI vetted cloth boaea oe thousands of yF-. : Y cuit. Receives a vast number of stations at all 
having an l.c.d. display. MIN/MAX memories, -10 KIT 493.........c:cccccccccee £39.95 . a pina 

to, 110 degrees. celsius, or can be set to read ir KIT 1 Ba cscecsssesesseteesenees £30.30 

Fahrenheit. Individually settable upper and lower 
i" switching temperatures allow close control, or alter- LTRA NIC Pe T ee ee ee ee 
| natively allow a wide ‘dead band’ to be set which U SO es | SCA DIGITAL COMBINATION LOCK 
Digital lock with 12 key keypad. Entering a 


can result in substantial energy sag tig used Keep pets/pests away 

with domestic hot water systems. Ideal for green- four digit code operates a 250V 16A rela 
house ventilation or heating control, aquaria, home ANd Led J eel ae A special anti-tamper circuit permits the relay 
brewing, etc. Mains powered, 10A SPCO relay out- fruit, vegetable and flower board to be mounted remotely. Ideal car immobi- 


display and high speed operation. Ideal for 
KIT 81 5 bunnies ihisetnesiatcoeweves £45.95 beginners — as the pF, hF and pF ranges give 


clear unambiguous read out of marked and © 








put. Punched and printed case. beds, children’s play areas, liser, operates from 12V. Drilled case, brushed 
RYT BaP i icociiccckcicasevee: £29.95 patios etc. This project Vireo. ee 
—_——_ produces intense pulses Of §§§ [Rte CURE O4U LL eee cece : 
4 CHANNEL LIG HT CHAS ER ultrasound which _ deter a 
Ag Hard Drive. and full inductive load capability, Visiting animals. PORTABLE ULTRASONIC 
ges mic. and sophisticated fn rang othe PEsT SCAR ER 
- ‘ t nt. Variable Bs : 
sed one ie ‘sensitivity contél, 16.4. haga @ KITINCLUDES ALL he. Re uae Ose us aug 
To ee ie pps Lighes, Par gpots Disco, | COMPONENTS, PCB &CASE @ COMPLETELY special sealed vansducer with intense pulses via 
and Display lighting. @ EFFICIENT 100V INAUDIBLE TO output is designed to give maximum output with- 
645 3 < eee ree £32.13 TRANSDUCER OUTPUT HUMANS out any special setting up. 

a cow CusnENT OREN @ UPTO 4 METRES RT BAZ xccceconnern £22.56 
SUPERHET LW MW RADIO | pe 


LIGHT RIDER DISCO LIGHTS 


ETT TORE E Te CT TRC Tr rer ter £1 4.81 A six channel light driver that scans from left to 
right and back continuously. Variable speed con- 
trol. Up to 500 watts per channel. Housed in a 
plastic box for complete safety. Built on a single 
printed circuit board. 


At last an easy to build SUPERHET AM radio 

kit. Covers Long and Medium waves. Built in KIT Ref. 81 2 
loudspeaker with 1 Watt output. Excellent sen- 

sitivity and selectivity provided by ceramic IF fil- 

ter. Simple alignment and tuning without special J|ONISER 


equipment. Supplied with pre-drilled transparent highly efficient mains powered Negative lon Generator that clears the air by 








front panel and dial, for interesting see-through neutralising excess positive ions. Many claimed health benefits due to the ioniser IEE OU vids dovaitiweseveeeveeens: £22.41 
ripschataahenlte removing dust and pollen from the air and clearing smoke particles. Costs virtually 
KIT 835 as veccceccnncuceccccssaves £17.16 nothing to run and is completely safe in operation. Uses five point emitters. LIGHT RIDER 
FT FF oes caanncatecte ete redpereaasiaee x £17.75 9-12V CHASER LIGHTS 
ACO U ST| C P R O B E a A low voltage DC powered end-to-end type chaser 
os A very popular project which picks up vibrationsby RAT DETECTOR that can be set for any number of lights between 


1c ; 3 and 16. The kit is supplied with 16 |.e.d.s but 
An excellent circuit which reduces ultrasound frequencies between 20 and 100 kHz __ by adding power transistors it is possible to drive 
to the normal (human) audible range. Operating rather like a radio receiver the circuit filament bulbs for a larger brighter display. Very 
allows the listner to tune-in to the ultrasonic frequencies of interest. Listening to Bats popular with car customisers and modellers. L.e.d.s 
: : : is fascinating, and it is possible to identify various different types using this project. can be randomly positioned and paired to give 
for oe instrument engineers, and nosey Other uses have been found in industry for vibration monitoring etc. twinkling effects. 
parkers!. 


KIT 740 ..ccccccseccseeseeeeeeeees £19.98 KIT 814 ccccccccccccccssecssccsssesessesssessesseessesseessee £21.44 KIT 559 


means of a contact probe and passes them on to a 
pair of headphones or an amplifier. Sounds from 
engines, watches, and speech travelling through 
walls can be amplified and heard clearly. Useful 











HAMEG HM203-7 20 MHz 
DUAL TRACE OSCILLOSCOPE 
& COMPONENT TESTER 


Western Europe’s best selling oscilloscope - It is RELI- 
ABLE, HIGH PERFORMANCE, & EASY TO USE. 
Sharp bright display on 8 x 10cm screen with internal 
graticule. A special extra feature is the built-in com- 
ponent tester which allows capacitors, resistors, transis- 
tors, diodes and many other components to be checked. 
The quality of this instrument is outstanding, and is sup- 
ported by a two year parts and labour warranty. 

If you are buying an oscilloscope - this is the one. - It 
costs a fraction: more than some other 20 MHz ‘scopes 
but it is far far superior. Supplied with test probes, mains 
lead, and manual. 


£362.00 + £63.35 VAT inciudes FREE 


(Cheques must be cleared) Next-day delivery 


EDUCATIONAL BOOKS & PACKS 
ADVENTURES WITH ELECTRONICS 


The classic book by Tom Duncan used throughout 
schools. Very well illustrated, ideal first book for age 10 
on. No soldering. Uses an S.DEC breadboard. 

Book &Components £28.95, Book only £6.99 


FUN WITH ELECTRONICS 


















Ideal for robots, buggies, 
and many other mechanical 
projects. Min. plastic gearbox 
with 1.5-4.5V DC motor. 6 
ratios can be set up. a 
Small type MGS....£4.77 
Large type MGL....£5.58 





An Usborne book, wonderfully illustrated in colour. Com- 
ponent pack allows 6 projects to be built and kept. Sol- 
dering is necessary. Age 12 on, or younger with adult 
help. Book & Components £20.88, Book only £2.95 


STEPPING MOTORS 


For computer control via MD35'%4 - standard 48 
standard 4 pole unipolar steps per rev £12.99 
drivers. 

MD38 - miniature 48 MD200 - miniature 200 
steps per rev ; steps per rev 


30 SOLDERLESS BREADBOARD PROJECTS 
A more advanced book to follow the others. No soldering. 
Circuits cover a wide range of interests. 

Book & Components £30.69, Book only £2.95 
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MINI LAB KITS | 


ALL COMPONENTS TO ASSEMBLE 
THE EPE MINI LAB. 


Follow this exciting educational series as 
featured in EPE through 1993. 
Full set Of reprints ou... sesssesssseseeeee £4.60 
Components are supplied in packs to keep 
ordering simple. 


A full MINI LAB consists of ML1, ML3, ML5, 
ML6. These are available at a special 


COMbINE Price Of..........cesesesssssssssssssssesesees £114.99 
or less the p.c.b. 
ML2, ML3, ML5, ML6 at................. £104.99 


The transformer unit ML4 is also needed....£21.45 

















KIT ML1 MINI-LAB P.C.B. + all components 
inclusive of breadboard for 


Part LONG V." D2) sccisissssosusecissrsadtencctes £49.95 
KIT ML2 All Components for Part 1 less 

ascites £39.95 
KIT ML3 Power Supply components........... £19.95 
KIT ML4 Transformer unit... £21.45 


KIT ML5 L.E.D. Voltmeter, signal 
generator, audio amplifier and 


PM) VICE 5 ssasris acstsnsenytscsleapsciasepocsenstins £33.95 
KIT ML6 Logic probe, display, radio 
PSE iechascassssanreaiiesicengosrneaaecteses £17.95 


(Note: batteries not included) 
All prices include V.A.T. Add £3.00 p&p. 


Tel: 0283 65435 Fax: 0283 46932 
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MICRO LAB KITS 


ALL COMPONENTS TO ASSEMBLE 
THE EPE MICRO LAB. 


A 6502 Microprocessor trainer with many 
features. Accompanied by an excellent set 
of tutorial articles and a manual. 


Repair/fault-finding help assured when you 
buy your kit from us. 


Full MICRO LAB kit including PC Board, 
EPROM, PAL, & Manual. 


PVE 51 scesasevscousaneeshasastvanetsantisecitodl outussestennaiieeds £149.95 
(Also available less PCB etc. if required). 
Full set of reprints...........cccccssssssssssssseeees £3.00 

















BUILT & TESTED 


Full MICRO LAB AS MIC1 (above) 
PON ae saad esc ccveaeteceasectnapavrseeenscttns eisai £179.95 


Professionally assembled, inspected, 
cleaned and tested. Full back-up service, 
spares, etc available. 











All prices include V.A-T. Add £3.00 p&p. 
Tel: 0283 65435 Fax: 0283 46932 
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ESR ELECTRONIC COMPONENTS 


oh esha lela ater-\e mm GlUli i>! aerer-) ae 


Tyne & Wear NE30 4PO 
Tel. 091 251 4363 Fax. 091 252 2296 


LINEAR ICs SOLDERINGIRONS si CLOT IE of On BOla tT.) 





74LS-Series 4000 Series TRANSISTORS 



































74LSO0O0 8=6£0.22 «64000 = £0.17, 2N1613 £0.31. = BC186 £0.33 BD534 £0.47. CA311E £0.28 Antex Soldering lrons BNC Solder Plug50R £0.93 
74LS01 £0.14 4001 £0.21 2N1711 £0.26 BC204C £0.72 BD535 £0.48 CA324 £0.35 M 12 Watt £8.18 BNC Solder Plug 75R £0.96 
74LS02. £0.14 4002 £0.17. -2N1893 £0.29. BC206B_~=s-« €0.72,—Ss« BD536 = £0.65 = CA555 £0.22  C15Watt £8.18 BNC Crimp Plug50R £0.68 
74LS03. £0.14 4006 £0.40 2N2218A £0.28 BC207C £0.72 ®BD646 £0.52  CA741CE £0.28 G 18Watt £8.41 BNC Crimp Plug 75R £0.68 
74LS04. £0.14 94007 = £0.28 §=- 2N2219A £0.25 BC208 £0.72 BD648 £0.52 CA747CE £0.39 CS17Watt £8.31 BNC Solder Skt £108 
eM $$$) SNCCmmasie F980 
74LS09 £0.14 4010 £0.23 2N2904A £0.25 BC212L £0.08 BD807 £0.80 CA3130 £0.98 35Watt Gas Iron £11.58 tee real oo 
74LS10 £0.14 4011 £0.26 2N2905A £0.23 BC212LB £0.08 BDX32 £1.78 CA3130E £0.98 ‘Gascat’ Gas Iron £15.26 RND qe oe £0 68 
74LS107 £0.23 4012 £0.16 2N2907 £0.20 BC213 £0.08 BDX33C £0.49 CA3140 £0.56 Low Cost 15 Watt Iron £3.93 ued 
j4L8109 £021 4013 £0.21 2N2926 £0.16 8BC213LC £0.08 BDX34C’ £0.50 CA3240 £1.22  Desolder Pump £3.00 SQR UHF socket £0.45 
J4isi1. £0.17 4014 £0.30 2N3053 £0.27. BC214 £0.08 BDX53C £0.47 '!CL7621 £1.70 © Antistatic Pump £4.30 A he A mae 
74L$112 £0.21 4015 £0.31 2N3054 £0.90 BC214L £0.08 BDX54C £0.50 [ICM7555 £0.43 22SWG 0.5Kg Solder £7.40 ug . 
4 ICM7556 £0.96  18SWG0.5Kg Solder £6.60 N Plug RG8 £1.60 
74LS113 £0.21 4016 £0.18 2N3055 £0.62 BC237B £0.09 BF180 £0.3 
: 4017 £0.27. 2N3440 £0.50 BC238C £0.09 BF182 £0.31 LM301A £0.25 1mm 3 yds Solder £0.62 N Socket RG8 £1.40 
74LS114 = £0.21 4018 £0.27 2N3702 £0.09 BC239C £0.10 BF185 £0.31 LM348N £0.31 Desolder Braid £0.87 BNC Crimp Pliers £15.50 
74LS12 £0.14 CF351N £0.36 
7418122 £0.31 4098 F019 SNB7O4 «£0.10 -BC252 «= fO13BFI9s «= fog LF353, £0.41 PCB EQUIPMENT 
eares of ed io oss 3N3708 «£0.10 BC261B «F024 «BF244 «£0.36 et oe UV EXPOSURE UNIT £67.38 
548126 £0.21 4022 £0.32 2N3706 £0.10 BC262B £0.24 BF257 £038 TSN pate PLASTIC DEVELOPING TRAY £1.35 
: 4023 £0.16 2N3771 £1.44 BC267B £0.30 BF259 £0.33 M9381 £2.70 PHOTO RESIST AEROSOL SPRAY (100m!) £3.90 
ates) EO ye 4024 «= £0.21 2N3772_—«s £1.51 BC307 «£0.10 BF337 «= £0.36 FERRIC CHLORIDE CRYSTALS (0.5Kg) £2.45 
74132 £0.21 15 2N3773. «£1.79 BC308_ = £0.10 BF355 «= £0.38 «= LM3860— £0.88 
748133 £0.18 4025 £0.15 LM387 £1.60 ETCH RESIST PEN £0.72 
R026: :£0.09 oNeeF ee TS trae Ceegaa.. LMgS2N- - 20.79 PCB POLISHING BLOCK £1.84 
74LS136 £0.16 = 4057 = 691g «©=02N3820 Ss £0.66 +=©BC328) =. £0.10 — BF 451 £0.19 ;nzoqn «£0.28 
74LS138 £0.24 4058 F929 «©2N3904. «= £0.10 ~—-BC337 £0.10 BF459 £0.29 [M748CN  £0'31 STRIPBOARD 0:1 PITCH _ BREADBOARD 
74LS139 = £0.25 2N3905 £0.10 BC338 £0.10 BF469 £0.36 64mm x 25mm £0.27. 81mmx 60mm £3.30 
4029 £0.36 LM1458 ~—-_ £0.26 
74L814_ £0.25 4030) g9.17-« 2N3906 = £0.10 BC414C = £0.13. BFX29 £0.29 fm3900 «£0.72 64mm x 95mm £0.90  175mmx 42mm £3.74 
74LS145 £0.56 453; 979 2N4036 £0.31 BC441 £0.40  BFX84 £0.31 [3014 «£2.70 64mm x 431mm £3.22 175mmx67mm_ £5.56 
74LS148 £0.70 4034 £1.24 2N5321 £0.57 BC463 £0.29 BFY50 £0.29 403340 £1.60 95mm x 95mm £1.10 mounting plate & posts £7.36 
74LS15 £0.14 4035 «= ¢9.33.-«-2N6107. Ss £0.60 BC478 = £0.32 BFY51 £0.26 wcasss £0.36 95mm x 431mm £4.80 COPPER BOARD (G. Fibre) 
waster $048 ot He AE BS ales | a Seley GA MEE Bae Nametstnm 8A eon ego 
74LS153 £0.25 . AC1 , : ‘ N N ; 110mm x 220mm a. '34 
74LS154 £0.70 rant ae AC128 £0.28 BC516 £0.22 = BS170 £0.21 NESGTN £0.47 PHOTO RESIST BOARD PHOTO RESIST BOARD 
74LS155 £0.25 = 4943 £0.28 AC187 £0.45 BC517 £0.20 BSW66 £1.35 NE5532 £0.80 (G. Fibre) (Paper) 
74LS156 £0.36 4044 £0.35 AC188 £0.37 BC527 £0.20 BU126 £1.70 NE5534 £0.66 3°x4 £0.86 3" 4" 0.67 
74LS157 £0.25 4o4g £031 ACY1? £3.84 BC528 £0.20 BU205 £1.82 TBA120S £0.90 4"x6 £1.62 4" x6" £1.24 
74LS158 £0.25 4047 £025 ‘A0149 £1.67 BC537 £0.20 BU208A £1.73 TBA810S £0.68 4”x8 £2.09 4" x8" £1.58 
; AD161 £0.92 BC546C £0.08 BU326A £1.80 TBA820M _ £0.39 6"x6 £2.41 8x 10° £4.63 
7arsreo £0.32 4048 = £0.31 an162 = £0.92 BC547C «£0.09 BUS00.—=s- £2.32. TDA2030.—s«£1.35 
7ats162 £032 arco fosy BC107, £0.14 BCS48C £0.08 BUS50EA £1.76 TLOG! £0.35 CAPACITORS SWITCHES ° 
74LS163 £0.32 4051 £0.36 gciog £013 Bcs50C £008 buose =£228 TN £0-4Z Ceramic Mini Disc 100 & 63V 3amp 250v 6.4mm ¢ mounting 
74LS164 £0.26 4052 £0.25 ‘14. =«O=&B A £0.08 ; 1.0pF to 100nF SPST Toggle £0.58 
74LS165 £0.48 4053 £0.25 BC108C £0 16 BCBS7C f008: irene TLO?2¢P £0.34 1 pF-1nF £0.06, 1n2-2n7 £0.07 SPDT Toggl £0.60 
BC1 IRF540 = £1.60 pF-Ink £0.06, In2-2n/ £0.07, oggle 
748170 £0.30 4054 £0.56 C109 £0.17 BC558C £0.08 TLO74CN = £0.48 3n3-4n7 £0.12 SPDT COT, £0.64 
; IRF740 ~—- £1.63 ; n3-4n7 £ 0.12, og 
cre. / ao aA 4055 £0.34 gC109C £0.17 BC559C £0.08 yji1015 £211  TLO81 £0.33 10n & 12n £0.07. DPDT Toggle £0.68 
eg 2h 4060 £0.48 BC114. £0.41 BC560B) £0.09) yy11016 «£2.11 TLO82CP £0.34 Polystyrene 160V 5% 47pF to 10nF DPDT CO Toggle £0.76 
TALS175 £0.28 4063 £0.29 BC115 = £0.41 BC637-— £0.21 yy2501 £1.60 TLOB4CN = £0.46 47p-2n2 £0.09, 2n7-10n £0.12 DPDT CO Toggle 
vps er nt ap : BC116 = £0.41. Ss BC638.)— £0.21 yy3001 Ss £1.52. ~——«UA733 £0.64 (biased) £1.20 
BC118 £0.41 BC639 £0.21 wyrs4q £040 ULN2003 £0.52 pielel\ iaentel sts Sob e0 tantle 
74LS192 £0.42 4068 £0.16 BC132 £0.36 BC640 £0.21 . ULN2004 £0.48 99 
74LS193 £0.24 4069 £0.20 BC134 £0.36 BCY70 £0.21 MPSA13._ £0.12 . 9 Pin £0.29 £0.30 | wal 
cee aoak pricy £0.20 ay fos anal eo MPSA42 £0.17 5N436E £2.61 15 Pin £0.39 £0.39 pou Water P-12W, 2P-6W —— 
74LS196 £0. BC140 : ! -12W, 2P-6W, 
74LS197 £0.24 4072 £0.17 BC141 £0.27 BD135 £020 MRE7S . ZN427E £8.82 IS Pin H.D. art se 3P-4W, 4P-3W £0.78 
74LS20 £0.16 4073 £0.17 BC142 £0.31 BD136 £0.21 : ZN428E £6.12 ” , : Key Switch SPST £2.70 
TIP122 £0.37 ZN435E £5.31 25 Pin £0.48 £0.50 
74821 £0.14 = 4075 £0.17 = BC143 £0.34 = =BD137 £0.22 11p125 £0.37 2N448E £7.92 9 Way plastic cover £0.30 Push to make £0.25 
yas, fous oe 00 Bees SBS Ogg Tea) RT erm feveromccns; §=— Phe | na 
: : : ; TIP132 £0.46 3 Way plastic cover ; ing Fush sqr . 
74LS240 £0.32 4081 £0.14 BC157 £0.12 BD140 £0.24 TIP137 £0.46 RAMS 25 Way plastic cover £0.36 ®CB Tact 6x 6mm £0.25 
74L$241 €0.32 4082 £0.21 BC159 £0.12 BDI50C £0.82 J5175 Frog 
4085 £0.28 BC160 £0.28 BD165 £0.42 RESISTORS 
Titsoas «fone ©4086 «£0.26 -«BC170«« £0.16. «-BD166 «= £0.35 «TIPI47_ «£1.12 3798 Hhipe , 
74LS243 £0.32 BC170B £016 BD187 £0.39 ‘TIP2955 £0.63 0.25W 5% CF E12 Series £0.00/100 . PRESETS Enolosed Hore 
74LS244 £0.32 4089 £0.55 SC1I1 £011. BD201 £0.40 ‘TIP29C £0.31 2712820 £3.69 0.5W5% CF E12 Series 95/100 or Vert100R-1MO0.15W £0.15 
74LS245 £0.36 4093 £0.18 Oe £016 ©0BD202—Sé«é£0.40.~=«sTIP3055 «= £0.63 2764-25_ = £3.00 0.25W 1% MF E24 Series f1 72/100 PRESETS Skeleton Horz 
74LS247 £0.32 4094 £0.31 But F013 BD203. «= £0.40.«CTIP30C.~=— «£0.31 «2764-25 £2.17 = POTS Logor Lin 470R - 1MO 25mm or Vert 100R — 1MO 0.1W £0.11 
74L$251 £0.24 pitt reed BCI72B £013 BD204 £0.49 ‘TIP3IC £0.34 ee 5 py dia 0.25in shaft £0.42 
74LS257 £0.24 4007 =F 'as.««BCI77.—« £0.18 «BD222. Ss £0.40. «*TIP32C «= £0.32 SFneE OD ES ae * PLEASE STATE VALUE REQUIRED * 
74LS258 £0.24 Jog) gg.3g «C178 «= £0.18 |= BD225-S £0.42 «—TIP33C_)=— £0.72 97¢956.20 £3.57 
74LS26 £0.14 >) g038~—SBC179 £0.17 BD232 £0.38 TIP4IA £0.36 5766542 £3.69 COMPUTER ACCESSORIES DIODES 
74LS266 £0.14 4503 69.31 «BC182. «ss £0.08 }9=9BD237 = £0.32 «—«‘TIP42C = £0.38» 97C010 = ss £4.97 Leads Faia es 
74LS27, £0.14 4508 «= £0.90 -BC182L_ £0.08 9=BD238 = £0.32) TIP47 = £0.48 = 6116-10 £1.53 R232 Lead Male 25 to Female 9 £3.99 Zener Diodes 2V7- 
7418273 £0.32) 4519) )=— ¢9.26 «= BC182LB £0.08 BD240B £0.37 TIP48 £0.62 6264-10 £3.06 Null Modem Lead Female 25-Female 25 £2.99 BZY88400Mw £0.08 
748279 £0.25 4544 = ¢9. 32, BC183. £0.08 §=BD243B £0.50 _—TIP50O £0.53 62256-10 £5.35 PC Link Lead Female 9 to Female 9 £299 BZX851.3W ‘£0.14 
yates $01 Gotz fae CIE, £008 BORA F053 VOM EOE HIGK IG, ELIS Peli Leodromeizgusrone9825 42) rNaool £006 
. . : : = . Parallel Printer Lead 2m .40 
74L$365 £0.21 4216 fooe BC184 £0.08 BD441 £0.41 ZTX300 £0.16 §11000-8 £6.61 R523? Lead (all pins) Male — Male £3.75  1N4002 £0.07 
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Constructional Project 


_ MOSFET VARIAB 


_ BENCH 








POWER SUPPLY \ 


MARK STUART 


An unusual and highly efficient 
Clesign developed froma previous 
EE project. Can supply O to 25V 


atupto2:5amps. 


tion for some time. The original 

Variable Bench Power Supply was 
published in February 1988 and has been 
very popular. The question was, how do we 
improve it? The answer is the design 
presented here, which has all of the original 
- features: | 

A high output voltage of 0 to 25 volts, 
and a maximum output current capability 
of 2:5 amps — far better than the more 
usual 12 volt and | amp supplies. An out- 
put voltage that can be reduced right down 
to zero (unlike most i.c. regulators which 
stop at a minimum of around 1:5 volts) and 
a “Current Limit” control which allows the 
maximum output current to be set any- 
where between zero and maximum. Two 
panel meters monitor output Voltage and 
Current. 

An effective Current Limit control is a 
very important feature. It allows circuits to 
be tested without fear of damage due to 
construction errors or accidental short cir- 
cuits — a real delight for electronics ex- 
perimenters. It is also extremely useful 
for battery charging. It can easily be set 
to provide constant current charging of 
NiCad batteries, or to control the maxi- 
mum charge current of lead acid batteries. 

Such a supply has a multitude of uses 
in the school science lab. Electrolysis, 
electroplating, polystyrene cutting, and as 
a power source for model motors, com- 
puter interfaces, and robotics. The two 
panel meters, make it easy to see exactly 
what is happening in a circuit. Ripple and 
noise in the output are very low, and the 
output voltage change in response to load 
current changes and mains voltage fluctua- 
tions is very small. 


IMIPROVEMENTS 


The central part of the circuit is almost 
unchanged, in fact, by omitting some com- 
ponents, changing the type of MOSFET and 
adding a heatsink it is a simple matter to 
build the original circuit on the new board. 
The improvements are in three parts. 


Te: project has been under considera- 


262 


The first and most important change is 
that a circuit has been added which 
dramatically reduces the power lost in the 
MOSFET. This is achieved by a “low 
frequency switching pre-regulator” which 
reduces the voltage across the main 
smoothing capacitor so that it is never 
more than 5 volts above the output voltage 
setting. This type of pre-regulator is called 
a “tracking pre-regulator” because it 
“follows” the output voltage at a fixed 
distance. 

The dramatic improvement is 
demonstrated by considering the power 
supply delivering 1-5 amps at 5 volts. In its 
original form, the voltage across the main 
smoothing capacitor C4 would be 
approximately 45 volts. The job of the 
MOSFET would be to reduce this to 5 
volts and so it would have 40 volts across it 
and a current of 1-5 amps through it. This 
represents a power loss of 60 watts. Think 
of the heat from a 60 watt lamp and this 
gives a good idea of the heat that must be 
dissipated, and accounts for the large 
heatsink that was used. 

In the new form, the voltage across the 
capacitor has been reduced by the pre- 
regulator to 10 volts leaving the MOSFET 
with just 5 volts and 1:5 amps and a power 
loss of 7:5 watts! The pre-regulator is not 
perfect, and so there is some additional 
power loss, but as it operates in a switch 
mode, the pre-regulator transistors being 
either ON or OFF it is efficient, and 
preserves most of the power saving. 


LAYOUT 


The second improvement is the printed 
circuit board which now holds the smooth- 
ing capacitor, the rectifier, the secondary 
fuse, and the MOSFET, as well as the new 
pre-regulator parts and all of the original 
components. Because of the shape of the 
case it is impractical to mount the two 
control potentiometers on the board as well 
as the output devices (without making the 
board big enough to span the case from 
front to rear), however, spaces on the 



























board are provided for the controls so that 
alternative cases, and component layouts 
can be used if required. 

For example, if the board is built to 
the old design, the controls can be board 
mounted and wires taken to the MOSFET 
which would be mounted on a heatsink at 
the rear. It is also a possibility to mount 
the controls on the board and use spindle 
extenders to the front. For the prototype 
the simple option was to mount the con- 
trols on the front panel and take wires to 
their connection points on the board. The 
three power devices could then be board 
mounted and screwed to the rear of the 
case for heatsinking. 

The third improvement is the provision 
with the kit, of a punched, sprayed, and 
printed case. Metalwork is not always easy, 
even with soft aluminium, and a project 
like this where large holes are required for 
the meters is particularly difficult to make 
presentable. For those constructors who 
enjoy the metalwork, and craft training 
establishments (where the original design 
has been used extensively), a plain case is 
available. 


CIRCUIT DESIGN 


As in the original design, a high power 
device controls the output, and is driven 
from a low power regulator circuit 
designed around the four op-amps in an 
LM324 i.c. Dedicated voltage regulator 
i.c.s are widely available, but this tried 
and tested design is versatile and effective. 
It also has the advantage of using 
common parts, and being reliable — it is 
almost impossible to damage any of the 
low power regulator components even 
under severe overloads that damage the 
MOSFET. 

Using a MOSFET for the output device 
aids reliability because MOSFETS are 
rugged, and can withstand considerable 
power surges. Another advantage is that 
the drive circuitry is simple because the 
MOSFET requires practically zero gate 
drive current. A small transistor with a 
high collector load resistor is all that is 
needed to provide the necessary drive. 

The switching pre-regulator adds only a 
few extra components and works extremely 
well. Two pnp Darlington transistors are 
used to handle the power. The use of a 
single MOSFET was considered for this 
position, but it would have needed to be an 
expensive p-channel type if the circuit was 
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not to become too complicated. As this is 


the new part of the circuit its operation will 
be described first. 


SWITCHING 
PRE-BREGULATOR 


The function of the switching pre- 
regulator circuit is to limit the voltage that 
the MOSET has to drop. It achieves this by 
switching off the output from the bridge 
rectifier when the voltage across the main 
smoothing capacitor exceeds the regulated 
output voltage by 5 volts. Fig. 1 shows the 
circuit. Diodes D1 to D4 are the main bridge 
rectifier diodes which supply the load 
current. Two additional diodes DS and D6 
have been added to provide an unsmoothed 
full-wave rectified supply to R4 and thyris- 
tor CSR1. 

At the beginning of a mains half cycle the 
voltage across CSR1 will be zero, and it will 
therefore be turned OFF. Early in the half 
cycle the voltage across CSRI increases 
and TR3 is turned ON. Current through 
TR3 flows via the base-emitter junctions of 
TRI1/TR2 and turns them ON so that cur- 
rent from the bridge rectifier passes into the 
smoothing capacitor C4. This state con- 
tinues throughout the mains half cycle as 
long as the gate of CSR1 is not triggered. C4 
therefore charges to the peak transformer 
voltage via D1 to D4 and TR1/TR2. 

The operation changes when the voltage 
sensing circuit comes into operation. The 
base of TR4 is driven via a potential divider 
consisting of R14 and R12. This potential 
divider is connected across TR6 with one 
end at the capacitor voltage, and the other 
end at the regulated output voltage. To turn 
on TR4 requires 0-6 volts between its base 
and emitter. The potential divider has a ratio 
of (R12 x R14) / R12 which is 11 to 1, and so 
TR4 will turn on if the voltage across TR6 
exceeds 6:6 volts. 

When TR4 turns ON, current flows to the 
gate of CSR1 via R13. CSR1 is then turned 
ON, shorting the base of TR3 to negative 
and turning it OFF. This stops the base 
drive to TR1/TR2 which also turn OFF and 
so disconnects C4 from the bridge rectifier. 

The voltage on C4 is limited in this way 
by disconnecting the supply from the trans- 
former once the necessary level has been 
reached. The value of C4 is high enough 
to allow it to supply the maximum output 
current throughout the remaining part of 
the half cycle without the voltage dropping 
more than 2 volts. This ensures that there is 
always at least 4-6 volts (6:6 — 2) across TR6 
so that it can work correctly. 

Once triggered, CSR1 remains turned on 
as long as current flows between its anode 
(a) and cathode (k). At the end of the 
half cycle, the voltage across, and cur- 
rent through, CSR1 fall to zero so that it 
turns off ready to repeat the whole process 
through the next half cycle. 


ADDITIONAL 
COMPONENTS 


There are a number of additional com- 
ponents. Resistor R5 defines the gate sen- 
sitivity of CSR1 and prevents spurious trig- 
gering. R3 and D7 provide a constant base 
bias for TR3 throughout the half cycle so 
that TR3 delivers a constant current drive to 
TR1/TR2. Cl and R1 control the turn off 
time of TR1/TR2 to minimise voltage spikes 
that would otherwise occur as the high cur- 
rent flowing from the transformer is inter- 
rupted. 

Resistor R33 provides feedback to the 
emitter of TR3 which reduces the drive 
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Fig. 1. Complete circuit diagram of the MOSFET Variable Bench Power Supply. 
Transistors TR7 to TR3 are Darlington types. 


current to TR1/TR2 when the voltage across 
C4 is higher. It also reduces the dissipation 
in TR3 at higher output voltage settings. 

The circuit will revert to the original 
design if a link is inserted in place of 
TR1/TR2 emitter-collector. The other com- 
ponents will then have no effect and could be 
removed (DS and D6 must stay, as they 
supply power to the low level regulator 
circuitry via D8 etc.). The option of revert- 
ing to the original design could be useful in 
testing and fault finding if the pre-regulator 
is suspected of being faulty — but do not use 
high output currents, unless TR6 is fitted 
with a good heatsink. 
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OUTPUT 
CONTROL 
CIRCUITS 


The output from the power supply is 
controlled by a power N-Channel MOS- 
FET (TR6). This device has at its input 
(Drain) the relatively unregulated supply 
from the switching pre-regulator, and must 
produce at its output (Source) the smooth 
regulated voltage demanded by the load. 
To achieve this the MOSFET gate is driven 
by an “error” signal which turns it on or 
off to a greater or lesser extent so that the 
output is always correct. 
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Fig. 2. The various sections of the 
Power Supply circuit. 
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This “error” signal is derived by com- 
paring the output voltage with a reference 
voltage. Any difference between the two is 
amplified and used to drive the MOSFET 
gate so that the error is corrected. This is the 
same principle as negative feedback in an 
audio amplifier, the output is compared with 
the input and the difference used to reduce 
the distortion. Although the circuit looks 
complicated it is readily simplified by con- 
sidering it as a series of blocks. Each block 
has a simple function and are described in- 
dividually in the following sections. 


REFERENCE 
VOLTAGE 


A stable smooth voltage reference is 
produced at the output of [Cld. Fig. 2a 
shows this section of the circuit. Zener 
diode D13 is the primary reference source. 
A 5-6 volt Zener has been used because 
these have the lowest variation of voltage 
with temperature (temperature coefficient) 
of all Zener values. Higher and lower 
voltage devices are not as stable. 

To get the best performance from a 
Zener diode a constant drive current is 
necessary. This is achieved very simply by 
ICld and the associated resistors as fol- 
lows. Upon switch on there is a low voltage 
across D13 which therefore does not con- 
duct and acts like a very high value resistor. 
R25 and D13 form a potential divider 
around ICId from the output to the non- 
inverting input. Similarly, R24 and R23 
form another potential divider to the in- 
verting input. At low voltage, with D13 not 
conducting, there is a greater amount of 
feedback to the non inverting input (+) 
than to the inverting (—) input. The net 
effect is positive feedback which drives the 
output voltage high. 

As the output voltage rises, the voltage 


across D13 rises (via R25) until it begins 


to conduct and holds the non-inverting in- 
put of ICld at 5-6 volts. The output con- 
tinues to rise until the inverting input which 
is fed from the output via R24 and R23 
also reaches 5-6 volts. When this happens, 








the circuit stabilises with the output voltage 
set by the Zener diode voltage and the ratio 
of (R23 + R24)/R24. The values chosen 
give an output of 10 volts from ICld. The 
current through D13 is fixed by.the output 
which is at 10 volts and the Zener diode at 
5.6 volts, which leaves 4:4 volts across R25 
giving a current of 4-4mA. | 

The important thing is that these value 
are set up by D13 and the resistor values 
only. The rest of the circuit has no effect 
whatsoever. The stable reference voltage 
from ICld is fed to the two control poten- 
tiometers VR1 and VR2. The output from 
these is a voltage which varies smoothly 
from zero to 10 volts as they are turned 
clockwise. 


VOLTAGE 
COMPARATOR 


The voltage comparator stage compares 
the output from the supply with that from 
the “‘set voltage” control VR2. The result is 
an error signal that is used to drive the 
MOSFET. Fig. 2b shows the circuit. A 
proportion of the output voltage is tapped 
off via R31 and R32 and fed to the non- 
inverting input of IClc. 

The inverting input of IClc is fed via 
R30 from the moving contact of VR2. The 
values of resistors R31 and R32 are chosen 
to give 10 volts at their junction when the 
output is 25 volts. IClc operates as a high 
gain amplifier, amplifying the difference be- 
tween its two inputs by over 100. If the 
voltage from the junction of R31 and R32 
exceeds that from VR2, the output of IClc 
is driven positive. This positive voltage is 
applied via R16 to the base of TRS which 
turns on, pulls down the gate of TR6 and 
reduces the output voltage. 

If the output voltage falls so that the 
voltage from the junction of R31 and R32 
drops below that from VR2, the opposite 
things happen and the output voltage rises. 
In this way the circuit stabilises itself so 
that the two inputs of IClc are kept equal. 
Any tendency of the output voltage to vary 
due to loading or mains voltage changes is 
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instantly corrected as IClc rebalances its 
inputs and sends a signal to the output 
control circuits. 


CURRENT 
SENSING 


Output current control is carried out by 
IC1b in the part of the circuit shown in Fig. 
2c. Resistor R19 is connected in the cir- 
cuit negative line. All of the output current 
flows through it and so it develops a volt- 
age drop accordingly. This voltage drop is 
connected via R18 and R20 to the inputs of 
IC1b and amplified so that currents from 0 
to 2:5 amps produce an output voltage 
from IC1lb of 0 to 10 volts. The output 
current meter is driven by this voltage via 
R28 (set to give full scale deflection for 10 
volts). 

The voltage from IC1b is also used to 
drive a second voltage comparator circuit 
ICla. This works in the same way as ICIc 
but takes its reference input from VR1 the 
“set current” control. If the output cur- 
rent exceeds the setting of VR1 the output 
of ICla rises and turns on TRS via D11 
and R17. This reduces the output voltage 
so that the output current falls. The cir- 
cuit regulates itself in the same way as the 
voltage control so that the inputs to ICla 
balance. 

Whenever the output current attempts to 
exceed the setting of VR1 the output of 


- [Cla rises and the l.e.d. D12 is lit indicat- 


ing that the circuit is ‘current limiting’’. 
Varying VR1 from zero to maximum al- 
lows the current limit to be set anywhere 
from 0 to 2:5 amps. 


OUTPUT 
CONTROL 


The control of the output of the power 
supply is done by TR6 the power MOS- 
FET. This is driven in turn by TRS. The 
MOSFET used is an n-channel enhance- 
ment type. This means that it is turned on 
when its gate is at a voltage more positive 
than its source. 

For most devices of this type, gate volt- 
ages between 3 and 9 volts are required to 
support an output current of 3 amps. This 
means that at maximum output the gate 
voltage must be able to rise to 25 + 9 volts. 
This is may seem to be above the trans- 
former output voltage range, however, the 
30 volts transformer rating refers to the 
r.m.s. value of the voltage. The actual peak 
voltage of each cycle is 1-4 times the r.m.s. 
value and so would be more than enough. 

To “catch” the peak voltage, diode D8 
charges capacitor C2 via surge limiting 
resistor R6. As the current drain of the 
control circuit is small, the voltage across 
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Fig. 3. Transformer mounting details. 
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C2 “holds up” between cycles so that a 
steady high voltage is available. This volt- 
age is smoothed by R7 and C3 and supplies 
the MOSFET drive via R8. A proportion 
of the voltage across C3 is also used to 
supply the rest of the control circuits after 
being reduced to 15 volts via R15 and 
Zener diode D10. 

When TRS is turned off, the voltage on 
its collector is pulled up via R8 and there- 
fore TR6 is turned on. As TRS is turned 


on, by drive from either the current or 


voltage control circuits [Cla and I[Clc, its 
collector draws current through R8 and the 
voltage at the gate of TR6 falls. In this way 
the output voltage is reduced by the con- 
trol circuits as required. Zener diode D9 
and resistor R9 protect the MOSFET from 
overdrive and voltage surges by limiting 
the maximum gate to source voltage. 


OTHER 
COMPONENTS 


All of the details of the circuit have 
already been described individually. The 
main circuit diagram includes a number of 
other (essential) components such as fuses, 
switches, and the mains transformer. In- 
coming mains is switched by a two-pole 
switch before passing to the mains trans- 
former primary, via a one amp fuse. 

Most standard transformers are wound 
with two equal voltage secondary windings 
which can be connected in series or parallel 
to give a choice of outputs. Transformers 
with two 15V or two 30V secondary wind- 
ings can be used. In the first case with 
the windings connected in series, and in 
the second with the windings connected in 
parallel. 

Output voltage and current are indicated 
by separate meters fed via series resistors 
R26, and R28. Many types of meter can be 
used, the resistor values being varied as 
necessary to give the required full scale 
deflections. Meters scaled 0-25 and 0-2-5 
are not readily available and so it is neces- 
sary to fit new scales. If ImA meters are 
used, the values of R26 and R28 would be 
25k and 10k respectively. Sometimes two 
resistors will be needed, connected in series 
to get the correct value, 10k and 15k make 
up the 25k if a ImA meter is used for 
voltage. The meters supplied with the kit 
have a set of self-adhesive scales. 


CONSTRUCTION 
METALWORK 


Almost all of the components are 
mounted on a single printed circuit board 
available from the EPE PCB Service, order 
code 869 or with the kit — see Shoptalk. If a 
blank case is being used it is recommended 
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that all cutting is done before any 
electronic construction. The printed circuit 
board can be used as a template for the 
three holes used to mount the power 
devices. It is important that these holes are 
drilled accurately and deburred, and that 
the rear panel around them remains flat. 
Any irregularities here will impair the heat 
transfer from the devices to the rear panel 
and so reduce the reliability. - 

The larger holes can be cut by drilling 
pilot holes and sawing with an ‘“‘Abrafile”’ 
in a junior hacksaw frame. A file smooths 
the edges to complete the job. Metalwork 
of this type is not easy, a pre-punched case 
is supplied with the kit and should make 
construction a whole lot easier. The case is 
also sprayed and printed to give an excel- 
lent finish to the project. 

Once the metalwork is done, the larger 
components should be mounted into the 
case. Start by fitting the self-adhesive feet to 
the case bottom. This prevents the unit from 
rocking and sliding all over the place and 
protects the working area. The toroidal 
transformer should be fitted between two 
rubber discs as shown in Fig. 3 with the 
dished steel washer at the top. As the 
mounting bolt is tightened the case bottom 
will deflect inwards, so take care not to 
overdo it. 


P.C.B. ASSEMBLY 


Begin the board assembly by fitting the 
resistors, diodes, and other low lying com- 
ponents. Follow the layout diagram Fig. 4 
and take great care to get everything in 
the correct position. Time spent checking 
through the early stages can save hours 
later. Fit a socket for IC1 and fit the three 
wire links in the positions shown. | 

Fit diodes D5 and D6 before the main 
rectifier diodes D1 to D4. The rectifier 
leads are quite stiff and will need bending 
carefully to fit without stressing them. A 
pair of pointed nose pliers are best for this. 

Fit the two fuse clips onto a fuse before 
soldering them into the board. This simple 
trick helps them to align properly. The 
smaller transistors and the thyristor should 
be identified and fitted the correct way 
round in their places as marked. All 
capacitors except the main smoothing 
capacitor should be fitted next. Note the 
polarity markings and make sure that they 
are fitted in the correct places. 

The main smoothing capacitor should be 
left out as it gets in the way when aligning 
the power devices with their holes in the 
back panel. [C1 can be fitted at any time, it 
is not static sensitive, but do put it the right 
way round in the socket! 

As the three power devices must align 
with their holes on the rear panel, it is a 
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COMPONENTS 





Resistors 
R1, R7, 
RQ 470 (3 off) 
R2,R10 100 (2 off) 
R3, R8, 
R11, R27 10k (4 off) 
R4 3k3 
R5, R13, 
R30 4k7 (3 off) See 
R6 68 
R12 47k SHOP 
R14 470k 
R15,R31 1k5 (2 off) TALK 
R16,R17 22k (2off) °**9 
R18, R20, 
R25, R32 1k (4 off) 
R19 021 wirewound 2:'5W 
R21,R29 1M (2off) 
R22 39k 
R23 5k6 
R24 4k3 
R26 25k | Meta film 1% 0-25W 
R28 10k 


R33, R34 2k2 (2 off) 
All carbon film 5%, 0:-25W except where 
stated 


Potentiometers 
VR1,VR2 10k lin. carbon (2 off) 


Capacitors 

C1 10n 50V ceramic multilayer 
10% 

C2 100pu 50V radial elect 

C3 470u 50V radial elect 

C4 6800 50V p.c.b. mounting 

C5 100pF 50V ceramic 

C6,C8 100nF 50V polyester box 
(2 off) 

C7 4n7 50V mylar 

C9 4u7 30V radial elect 


Semiconductors 
D1 to D4 1N5401 (4 off) 
D5, D6, 
D8 1N4001 (3 off) 

D7,D13 5V6 400mW zener diode 
(2 off) 

D9 12V 400mW Zener diode 

D10 15V 400mW Zener diode 

D11 1N4148 signal diode 

D12 3mm red low current l.e.d. 

TR1, TR2 TIP137 pnp Darlington 
transistor (2 off) 

TR3 ZTX650 npn Darlington 
transistor 

TR4 BC212 pnp transistor 

TR5 BC182 npn transistor 


TR6 IRF530 n-channel MOSFET 

1C1 LM324 quad op-amp 
Hardware 

S1 DPST mains rocker switch 

FS1 1A 20mm mains fuse 


FS2 4A 20mm secondary fuse 


ME2 Panel meters — see text 
T1 Mains toroidal transformer 
0-30, 0-30 volts 120 VA 
Case; p.c.b. available from EPE P.C.B. 
Service, order code 869; 14-pin i.c. 
socket; insulating bushes, washers, 
screws, and nuts (3 sets); screw 
terminals, 1 — red, 1 — black; fuseholder 
for mains fuse; fuse clips for secondary 
fuse; Earthing stud: M4 screw, 2 — solder 
tags, 2 — nuts, 1 locking washer; mains 
cable 3 amp; connecting wire; mains 
cable entry clamp; cable ties (6 off); 
sleeving for mains connections; knobs 
(2 off). 


Approx cost 
guidance only 
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Fig. 4. P-C.B. layout and wiring diagram, VR1, VR2 and D12 can be fitted to the 


front panel (see text). 
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insulating 
for mounting the power 


good idea to screw them to the back panel 
and then slide the board over the leads so 
that they are soldered in the exact position 
required. To do this correctly needs a bit of 
three dimensional thinking. The best way is 
as follows: First fit the devices to the out- 
side of the rear panel so that the leads are 
pointing upwards. Make sure the MOSFET 
is on the /eft when viewed from the outside 
rear of the case. Use the mounting bushes 
and washers assembled correctly as shown 
in Fig. 5 but do not overtighten them. 

Next fit the board over the device pins so 
that the copper track side is uppermost and 
solder the centre lead of each one. Check 
that the devices are in the right places and 
that they are all the same distance from the 
board surface and that the board surface 
is at right angles to the case. Once every- 
thing has been aligned correctly, solder the 
remaining pins. Unscrew the power device 
mounting screws and remove the insulating 
bushes and washers. 

The final component to be fitted to the 
board is the main smoothing capacitor. 
Take care to fit it with the correct polarity, 
and make very good soldered joints. The 
capacitor current as it charges is very high 
and poor joints here will soon overheat and 
cause problems. 
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Full size scale markings for the Current and Voltage meters. 


Fit leads to the board for the meters, the 
output, the l.e.d. and the controls VR1-and 
VR2. The length should be left on the long 
side so that the wiring can be tidied up later 
when assembly is nearly complete. 


WIRING 


The mains wiring must be done care- 
fully in order to be safe. Follow the 
wiring diagram Fig. 6 and make all of the 
joints “mechanically sound” before solder- 
ing. This way, even if a soldered joint is not 
100 per cent the wires cannot come adrift 
and contact other parts. Insulated sleeving 
should be threaded onto the wires before 
the joints are made and then pushed for- 
ward to insulate them fully. 

Use cable ties to keep the sleeving and 
wiring in place. When this is done properly 
all of the wires support one another so that 
should any one of them come adrift it can- 
not move out of position and make contact 
with anything else. This principle of “safety 
in numbers” can be applied to most types 
of wiring. The likelihood of more than one 
wire becoming detached is rare indeed. 

The earthing point on the case bottom 


should be scraped clear of paint, and fitted. 
with an M4 screw, two solder tags, a lock- 


ing washer, and two nuts. The earth lead 
from the mains should be threaded through 
one of the solder tags, wrapped round and 
soldered to make sure the connection can- 
not come adrift. The other tag must be con- 
nected to the negative output terminal. 

Having an earth on the negative side 
of the output is sometimes a problem be- 
cause of ground loops, however, the level 
of safety gained by making the connection 
is important, and it must be done. If ground 
loops become a problem when connect- 
ing two pieces of equipment, fitting a low 
value resistor where the two grounds join is 
usually effective. Values between 10 ohms 
and 1k are normally used. 


TRANSFORMER 
WIRING 


The transformer wires should be left at 
their full length to avoid having to scrape 
off the insulating varnish and risk pulling 
them from the inside of the transformer. 
Four wires from the secondary are colour 
coded and should be connected to the 
printed circuit board as shown. The meters, 
potentiometers, l.e.d. and output terminals 
should next be fitted and connected loosely 
to their wires. 

Do not tidy up the wiring until the board 
has been checked and tested. For testing, 
the board does not need to be in position, 
and fault finding is much easier with ac- 

cess. ‘to both sides. Take care though that 
nothing is accidentally short circuited by 
contact with the case. A carefully posi- 
tioned piece of card makes a useful insulat- 
ing barrier. 
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TESTING 


Before applying the mains, check and 


re-check the wiring to be sure that it is 
correctly connected and insulated, and that 
the case earth connection is properly made. 
A resistance check between live and neutral 
should read approximately 20 ohms if the 
transformer primary is connected correctly 
(and the mains fuse has been fitted!). 


ON/OFF 
SWITCH 


Check also for continuity between the 
mains plug earth pin and the case. Do not 
fit the secondary fuse to the board yet, 
as a quick check can be made that the 
transformer is working on its own. Once 
everything has been checked connect the 
mains, and switch on. Using a multimeter 
set to the a.c. volts range, check across the 
transformer connections on the board for 
approximately 30 volts. If the mains fuse 


ON FRONT 





Fig. 6. Final wiring of the MOSFET Variable Bench Power Supply 
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blows, the windings may have been incor- 
rectly connected, placing a short circuit on 
the transformer secondary. 

If everything is correct, switch off, turn 
both controls to minimum, and fit the 
secondary 4 amp fuse. Switch on again, 
and watch for any sign of overheating. If 
there is none, it is possible that everything 
is correct! Check that the meters read zero, 
and turn the current control up one quarter 
of a turn. Next, turn up the voltage control 
and see if the voltmeter reading increases, if 
it does, the circuit is good so far, if not, it 
will be necessary to take some circuit 
voltage readings to find out what is wrong. 

Check first that the voltage across C2 
and C3 is around 40 volts, and then check 
for 15 volts across DIO and the power 
pins of IC1. Once these are correct, check 
around ICld which should have 5-6 volts 
on its input (across D13) and 10 volts on its 
output which is also connected across the 
two controls. The voltage on the sliders of 
the controls should vary smoothly from 0 
to 10 volts as they are turned from end to 
end. If all of these voltages are correct, the 
chances are that the power control circuitry 
is working. 


FAULTS 


Remember that a single solder whisker, a 
dry joint, or a reversed or incorrect com- 
ponent can cause all manner of faults. The 
best fault finding tool of all is eyesight! 
It is surprising how many faults, which 
have been found after hours of thought 
and measurements, could have been seen 
immediately if someone had just looked 
carefully. 

The next voltage to check is across C4. If 
the switching pre-regulator is not working, 
C4 may have either the full supply across it 
or nothing. It is doubtful that it would have 
anything in between. To simplify fault find- 
ing here, the pre-regulator can be taken out 
of circuit by short circuiting the emitter and 
collector of TR1 or TR2. This will put the 
full supply voltage onto C4 and will make 
the supply function exactly as the original 
MOSFET design. With 40 volts across C4, 
and reasonable voltage readings around 
IC1, the likely problem area is around TR5 
and TR6. Check that D9 and TRS are the 
correct types, and that the correct resistors 
are fitted around them. If the problem is 
zero Output, try short circuiting the base and 
emitter of TR5 and check its collector volt- 
~age which should become high, making the 
output high in turn. If this happens, TRS 
and TR6 are working and the chances are 
that there is a fault around [C1a, b, orc. 
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Once the circuit is working correctly, the 
operation of the switching pre-regulator 
Should be checked. Disconnect the short 
circuit from TRI or TR2 (if it has been 
fitted), and connect a light load across the 
output. A 100 ohm resistor is appropriate. 
Turn the voltage control up and down and 
make sure that the voltage varies correctly 
as shown on the voltmeter. Measure the 
voltage across C4 and check that this 
voltage also rises and falls and is always 
around 5 volts above the output. If this is 
happening correctly, connect a lower load 
resistor and repeat the test. Do not take too 
long however as the power devices will 
need a heatsink if a substantial current is 
taken for more than a few seconds. 

The current limit control can also be 
checked at this point. Set the output volt- 
age to maximum, and check that the load 
current can be varied down to zero by the 
current limit control. The current limit 
l.e.d. should light to indicate whenever the 
output is being controlled by the current 
limit control. A little experimentation with 
the two controls should make their opera- 
tion easier to understand. Faults in the 
switching pre-regulator should be easy to 
trace as there are relatively few com- 
ponents involved. As before inspect care- 
fully, and check component types and 
values. 


POWER DEVICE 
MOUNTING 


At this point, if the circuit is working 
correctly, switch off, unplug, and mount 
the power devices to the case. The flexible 
mounting washers supplied with the kit do 
not need thermal compound and are much 
easier to fit (and a lot less messy). 

The board is held in position by the nine 
connections to the power devices. If extra 
heavy duty is planned, with lots of moving 
around, the board could be supported by 
extra fixings using the holes provided. For 
average bench use this is not necessary. 

Once they are mounted, check that the 
power device tabs are definitely insulated 
properly, and tidy up all of the remaining 
wiring. Fit the case top, making sure that 
the screws do not pierce any of the internal 
wiring, and the job is complete. A one amp 





fuse fitted in the mains plug is a good idea 
as a back-up to the front panel fuse. 


USE 


One of the main features of the supply is 
the current limit control. When testing a 
Suspect or newly built circuit, correct use of 
the voltage and current controls will prevent 
excess power in being drawn and damaging 
components. Start with both controls set to 
minimum and gradually increase them little 
by little, checking the meter readings at the 
same time. Once the correct circuit working 
voltage has been reached, advance the cur- 
rent limit control. If there is no further rise in 
current, all is well. If the current continues to 
rise, the circuit probably has a fault. 

NiCad batteries can be charged from the 
supply by setting the voltage control to 
somewhere above the maximum full charge 
voltage, and setting the current using the 
current limit control. This will give con- 
stant current charging which should be set 
at a level to suit the batteries. TAKE 
CARE NOT TO OVERCHARGE NiCad 
BATTERIES. 

The average NiCad battery will continue 
to accept charge even though it is fully 
charged, and will eventually overheat and 
be damaged. If high charging currents are 
to be used then the charge MUST be 
stopped manually after a set time. At 
lower current levels, NiCads can be trickle 
charged continuously without difficulty. 

When using high output currents and 
low output voltages, the supply com- 
ponents are under maximum stress. Even 
though the output devices do not get 
excessively hot, the transformer and rec- 
tifier diodes are working very hard. It is 
recommended that the supply is used only 
briefly under these conditions. 

To have made the design capable of 
delivering 2:5 amps continuously at 0-5 
volts would be ‘over engineering”, and 
would have raised the cost considerably. In 
practice such applications are rare, and the 
supply will stay cool and work perfectly 
supplying all “normal” loads. If there is a 
need for high current low voltage opera- 
tion, then a resistor in series with the load 
will be a great help as it raises the output 
voltage and reduces the burden cn the 
transformer and rectifiers. O 
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Low cost data acquisition for IBM PCs & compatibles... 
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7 A unique range of easy to use data acquisition products designed for use with IBM compatib 
| computers. Combined with the software they allow your PC to be used as a host of useful test and 
: measurement instruments, or as an advanced data logger. 

| Installed in seconds they simply plug into the parallel port (except the ADC-16 which connects to the 
_ serial port). They are self contained, require no power supply and take up no expansion slots. 

: Each device comes with a comprehensive manual. C, Pascal and Basic drivers are included for users 
|. who wish to write their own software Software supplied on 3.5" disk. 
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| "Scope, voltmeter, screen (digitalandbargraph), | “=== graphs, tabulation. 
Advanced datalogging software package 
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| ADC-11 15Ksamplesper second 
e 0-2.5V Input range 







0-5V Input range : 
BNC input connector allows # 
use ofstandardscopeprobes # 
30V overload protection 


Digital output 
D25 input connector 
AY30V overload protection 


Parallel port connection Parallel port connection 


Includes PicoScope software 11 Channel 10 bit ADC 


Single Channel 8 bit ADC sae emamaenememumenmmmunaaanaeeel 
: OL IIIS SSSSSSSX pio 18kHz sampling rate ererevrerrs Software selectable sing e 
> ADC-12 ended or differential inputs 


0-5V Input range : Resolution programmable 
BNC input connector allows use § between 8 and 16 bits + sign 
of standard scope probes : +2 5V input range 

30V overload protection 5V reference output 


Parallel port connection Connects to serial port 
Includes PicoLog software 
8 Channel 16 bit + sign ADC 
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‘7 Prices 
: ADC-10 with PicoScope £49 
|) ADC-10withPicoScopeandPicoLog £59 
| ADC-11 with PicoScope £85 
: ADC-11withPicoScopeandPicoLog £95 
: ADC-12 with PicoScope £85 
: ADC-12with PicoScopeandPicoLog £95 
| ADC-16with PicoLog £109 
| PicoLog(for ADC-10/11/12) £25 
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A roundup of the latest 
Everyday News from the 
world of electronics 





Startling Revelations of Mazda’s 
Collision Avoidance System 


Will the British Driver Accept It? 
by Hazel Cavendish 


MAZDA'S" much-heralded Collision 
Avoidance System — briefly reported in the 
national press at the end of last year — is a 
further development of their Safe Driving 
System exhibited at the Tokyo Motor 
Show back in 1991. The company has 
proved remarkably coy over releasing any 
useful electronic details of their latest 
brainchild, talking vaguely about a 
planned release of information next 
summer, but finally their European agents 
have come up with further details. 
Meanwhile, our DTI scouts tell us that 
most of the big Japanese car companies are 
working flat out on collision avoidance and 
there is something of a race to produce the 
most viable system ahead of the 
competition in this field. 

Much of the philosophy behind this new 
concept will seem at odds with the British 
driver’s temperament. Mazda’s Advanced 
Safety Vehicle (ASV) is claimed to offer 
a way of creating “a safe and pleasant 
vehicle-orientated society”. (Try that on 
frustrated drivers on the M25 on a Friday 
night). 

Its concept includes the establishment 
of accompanying road traffic infrastruc- 
tures. The latter are calculated to raise 
some eyebrows in County Council finance 
departments, as they involve road markers 
fitted with magnetic plates at al] major 
cross-roads as well as other road devices. 

The use of electronics in the system is 
quite extensive. The on-board system 
supports the driver with navigation ad- 
vice which includes traffic flow informa- 
tion, driving environment monitoring 
and danger assessment, hazard warnings 
—and emergency car operation if all those 
warnings fail to produce driver reaction. 

Somewhat alarmingly, to most drivers, 
the back-up operation actually brakes the 
car for you. One can only imagine the in- 
dignation of the driver who considered 


Conceptual Diagram of Mazda’s Safe-Driving 
System (SDS) 
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he had the situation well in 
hand! 

Driving conditions are 
monitored by a camera and a 
sensor mounted in the car, and 
the system incorporates laser | 
radar, a communication 
antenna, a control computer, 
throttle and brake actuators, 
as well as driver interface 
display screen. 

Because the system has 
been developed in a country 
whose cities and towns are 
even more congested than 
those of Britain, much impor- 
tance is placed in the detection 
of pedestrians, as well as other 
vehicles on the road ahead, 
and claims proudly that it is 
able to detect people and 
impediments far ahead “even 
on a curved road”. (Were 
they thinking of our wind- 
ing country lanes?) The Car 
Communication Detection Camera (CCD) 
views the road ahead and the scanning 
laser measures the proximity of an object 
on the road. Meanwhile an alarm warns of 
the potential danger of a collision when 
the car gets too close to a pedestrian or a 
vehicle ahead. 

If the driver does not decelerate the 
system automatically operates the brakes. 
“This system is effective in preventing 
accidents with pedestrians crossing the 
road or vehicle collisions” adds the report 
somewhat smugly. 

A strong possibility of causing driver 
irritation, if not apoplexy, is suggested by 
their lane-keeping system which automati- 
cally steers a vehicle from crossing a lane- 
dividing line. The system recognises the 
white line on the road with the CCD camera 
and sounds an alarm when the vehicle starts 
to drift beyond its lane 
without the driver operat- 
ing the turn signal. Jf the 
driver does not return the 
vehicle to its present lane 
the system automatically 
steers the vehicle to stay 
in its lane. 

Possibly this works 
with a docile and highly 
disciplined Japanese 
driver, but would it be 


Vehicle acceptable to Britain’s 
pirat ruggedly independent 


driver with a mind of his 
own? 





In another example of “Nanny Knows 
Best” the system prevents a vehicle from 
proceeding through an intersection with- 
out a traffic signal. It recognises the 
distance between a road marker and a stop 
line with its magnetic sensor, and if the 
driver continues towards the intersection 
without stopping the system sounds an 
alarm. If he fails to stop the system 
operates the brakes, claimed to prevent 
“blind-side collisions between vehicles as 
they simultaneously enter an_ intersec- 
tion”. Well, yes... 

Nanny takes over again in controlling 
cornering. “When a vehicle is approaching 
a corner the system estimates a speed safe 
enough to negotiate a turn and the dis- 
tance to the starting point of the curve, 
based on information from a road marker” 
says the report. (Council traffic depart- 
ment’s had better start saving NOW for 
even more traffic markers.) 

If the vehicle speed sensor detects a 
speed greater than the estimated’ safe 
speed, that alarm is going to sound off in 
the driver’s ear once again. The inevitable 
braking response if he takes no notice 
could be nasty if the road happens to be 
wet or icy as he goes into the bend, but 
Nanny is busy saying he has escaped a 
nasty collision with another vehicle, or 
even one with “a road structure’. She 
thinks of everything, does Nanny. 

Supersonic sensors installed on the sides 
of the car body detect a vehicle or even 
a scooter approaching from the rear, and 
once again the alarm shrills if the driver 
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signals a turn or attempts to change lanes. 
Likewise, supersonic sensors embedded in 
the front bumpers detect a pedestrian or a 
cyclist crossing in front of the car and will 
also activate the alarm. 

With the true earnestness of the Japanese 
strive for perfection, the original safety 
paper says “Our safe driving support (will) 
correct for human errors, such as falling 
asleep behind the steering wheel .. .” 

Sleep? With all those alarms shrilling? 

Worthy of praise are some of the more 
straightforward safety features incor- 
porated in the new models. These include 
an excellent four-wheel anti-lock brake 
system which is electronically controlled. 
This detects locking of braked wheels in 
an emergency and reduces a car’s tendency 
to skid. The system gives the car firmer 
braking control in an emergency or on 
slippery or icy surfaces. Although such a 
system Is not unique to the Mazda, it is not 


always found in cars in the lower price 
ranges. The Company has also increased 
the number of models to incorporate 
ventilated disc brakes. 

Work has been done in designing a safer 
body structure. In 1991 Mazda acquired 
its second supercomputer for collision 
data analysis, and introduced a decelera- 
tion impact simulator capable of creating 
complex realistic collision situations. The 
Company recognises that efficient absorp- 
tion of impact energy in a crash situation 
requires highly advanced structural design 
to achieve a body structure with ample 
crushable zones. The car absorbs impact 
energy by deforming at collision points. 

Mazda is also making efforts to improve 
the protection of fuel tanks and pipes. Such 
practical consideration of the basics of 
driver and passenger safety will contribute 
more positively to the future of this in- 
novative motor Car. 








HIGH-TECH TV TEDDY 


Tomy is a brand which, in an impromptu EE straw-poll 
amongst mothers, received a firm thumbs-up for their im- 
aginiative and high quality children’s toys. “TV Teddy” is 
the latest Tomy product which uses electronics technology to 
create a bear-faced friend with a difference. TV Teddy is a cute 
and loveable bear which Tomy claims is the first truly “in- 
teractive” children’s toy. The furry fun character works in 
conjunction with specially programmed video cassettes and a 
remote transmitter which is connected to the home video cas- 
sette recorder. 

TV Teddy is intended to work with custom-made educa- 
tional videos which are encoded with synchronising informa- 
tion. This data is sent by a special transmitter to the bear 
which runs on batteries and can sing and laugh as well as 
moving his eyes when talking. Each VCR cassette lasts some 
thirty minutes and it is hoped that standard TV programmes 
can also be broadcast eventually which contain TV Teddy- 
encrypted information, so that the bear will join in watching 
the television, helping youngsters to learn from the TV. It 
remains to be seen whether Tomy can enlist the support of 
TV schedulers though. 

Revealed in January at London’s 1994 Toy Fair, over half a 
million TV Teddies were sold in the US in just a few weeks 
when it was launched last October. At a time when the UK 
video games market is being investigated by the Monopolies 
Commission, perhaps TV Teddy will prove that electronics 
really can have a proper place in constructive video entertain- 
ment; mums should certainly approve. — A.R. W. 
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Tester 


A portable i.c. tester capable of functionally testing the vast majority 
of logic devices in general purpose use, as well as numerous com- 
mon memory devices has been introduced by Polar Instruments 
Ltd. Designated the D320, the tester costs just £180 and comes in a 
handheld package (see photo above) weighing 285g, powered by a 


9V PPS battery. 

A comprehensive _ built-in 
library for over 350 popular 
standard devices allows’ test 
engineers to quickly and easily 
verify the functionality of suspect 
digital i.c.s. Following a possible 
location of the cause of failure the 
tester can be employed to 
functionally verify the diagnosis, 
giving an instant and clear test 
result. 

The D320 tests digital com- 
ponents with up to 20 pins, and has 
a built-in library of truth table tests 
for 74/74LS/74HC TTL and 4000 
series CMOS logic, plus checks for 
41/44 series dynamic RAMs. If the 
component being tested does not 
have markings, or has a manufac- 
turer’s proprietary coding, the D320 


can be switched into a search mode 
which will compare its logic 
function against the library to 
identify the generic type. 

.C.s are tested out of circuit, by 
placing them in a ZIF (zero inser- - 
tion force) socket. Using the tester’s 
six control keys and on-line l.c.d., 
the user can select a standard test 
by scrolling through the library, or 
switch the instrument into search 
mode. Once the identity is set, a 
functional i.c. test takes only a few 
seconds. 

Priced at £180 the D320 is 
available from Polar Instruments 
Ltd, Dept EPE, Garenne Park, St 
Sampson’s, Guernsey, Channel Is- 
lands GY2 4AF. Tel 0481 53081; Fax: 
0481 52476. 


AMATEUR RADIO RALLY 


The 37th Longleat Amateur Radio 
Rally takes place on Sunday, 26th 
June from 10am at Longleat Park 
near Warminster in Wiltshire. 
(Follow signposts to ‘‘Longleat 
House” not the Safari Park). The 
event is much more than just a 
radio/electronics gathering. It is the 
largest single annual event to take 
place at Longleat. Last year the 
attendance was 5,189 paying adults. 

In addition to all types of com- 
munications equipment being sold, 
this year the organisers will be 
encouraging an even greater num- 
ber of exhibitors/traders selling and 
showing all aspects of computers and 
associated peripherals. Seven large 
marquees will house a total of 
around 200 different traders. 

A major factor of the rally will be 
the Bring and Buy section; last year 
this had a turnover of nearly £40,000. 
For those not interested in computers 
or electronics one marquee is devoted 
to a major Craft Fair exhibition and 
another to refreshments. 

Admission to the grounds and rally 
are frozen at last years prices £2.50 for 


adults, £1.50 for pensioners and 50p 
for children. 

Further details of the rally or infor- 
mation on table bookings please con- 
tact the organisers The Bristol Radio 
Group (Dept EPE), c/o Shaun O’Sul- 
livan, 15 Witney Close, Saltford, Bris- 
tol BS18 3DX. Tel 0272 860422, Fax 
0272 869387 


REMAP 


We have been asked to make 
readers aware of REMAP the charity 
that provides technical help for 
disabled people. REMAP are inter- 
ested in recruiting new members 
who could help to design and 
construct specialist aids for the 
disabled. 

If any reader is interested in giving 
his or her time and expertise to this 
worthy charity then please contact 
the National Organiser, Eur.Ing J.J. 
Wright, Hazeldene, Ightham, Kent 
TN15 9AD. Tel 0732 883818. In- 
cidentally they tell us EPE projects 
are sometimes helpful to them, the 
Visual Doorbell last month being a 
Case in point. 
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and power dissipation go hand in hand. 
High speed circuits including high speed 
dividers, fast processors, and general high 
frequency circuits are always power 
hungry. The old emitter coupled logic 
series of i.c.s was a prime example of this. 
Operating at speeds up to 1GHz and more 
they ran exceedingly hot. 

Often i.c.s in a 14-pin dual in line 
package would dissipate as much as half a 
watt and they would become hot to touch 
even at room temperature. Today with 
speeds rising all the time, power dissipa- 
tion is an ever more important criterion, 
and one which many manufacturers are 
spending vast sums of money to resolve. 

This research is paying dividends in 
many areas. One example is demonstrated 
by a recent announcement from NEC. 
They have developed a new gallium 
arsenide technology which uses only a 
tenth of the power of existing products, 
whilst being able to operate at higher 


[. HAS always been accepted that speed 


frequencies. 
The new devices use an_ n-type 
AlGaAs/InGaAs heterojunction f.e.t. 


with a gate length of just 0.25um. This 
gives a very high electron mobility, 
thereby reducing the source/drain resis- 
tance. Low resistance is also a key feature 
of the gate design. 

A “Y” shaped structure is used in con- 
junction with a low resistance alloy to 
achieve this. In fact by using these and 
other measures a cut off frequency for the 
individual f.e.t.s of over 10O0GHz has been 
achieved. All of this has been done with 
operating voltages of less than a volt, 
which means that power consumption is 
drastically reduced. 

NEC does not expect to market devices 
using the new technology for at least 
another four years. Even so some of the 
test results currently being achieved ap- 
pear quite remarkable. 

Gates are able to pass data at rates of 
10Gbits/second with an operating voltage 
of only 0-8 volts and power dissipations 
of just under 20mW. In addition to this 
another test circuit configured as a fre- 
quency divider has successfully operated 
at 1OGHz. 

When the new devices become available 
they should prove to be very useful in 
an industry where increased speed devices 
are more in demand than ever. 


Radio frequency circuits are affected by 
a wide variety of factors, and this is often 
what makes r.f. design seem a little like 
a black art. One of the items which 
has a large effect on the circuit is the 
material used in the printed circuit board 
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New Technology — 


lan Poole investigates the latest research 
developments in low power high speed i.c.s, printed 
circuit board materials and optical computers 


itself. This is of particular importance 
where components including inductors 
and transmission lines are printed onto 
the board. 

The use of printed components offers 
several advantages. In the first place it 
provides a very cost effective and con- 
venient way of making a component. 

It only costs a small amount of board 
space, whereas if it had to be manufac- 
tured it could become costly in view of the 
tight tolerances which might be required. 
In addition to this a printed component is 
accurately placed, giving a high level of 
repeatability. 

Finally there is no cost associated with 
fitting it. Transmission lines, or coax leads 
can be very fiddly and time consuming to 
fit, making the printed option very attrac- 
tive. To illustrate how widely this tech- 
nique is used, printed coils are found in 
the tuner sections of most of today’s tele- 
visions. 


In most cases the use of printed com- 
ponents works very well. As the properties 
of the component are governed partly by 
the dimensions this factor can be easily 
controlled to a high degree of accuracy. 
However the board itself will alter the 
values of any component used. Board 
thickness and dielectric constant also have 
a major effect. In many instances this may 
not be a major problem. Within television 
tuners these variations can be accom- 
modated by the overall circuit. However 
in very high performance applications this 
is not always the case. 

Where optimum performance is of 
paramount importance, normal fibre- 
glass board cannot be tolerated. Its 
dielectric constant cannot be held within 
the required tolerance. In addition to this 
it introduces losses into the circuit at the 
higher frequencies. 

As a result other substances have to be 
used for the base of the circuit board. One 
of the most popular is p.t.f.e. In many 
respects it is ideal because it causes much 
less loss than ordinary fibreglass and the 
tolerance on the dielectric constant can be 
controlled much better. 

Despite these advantages, the p.t.f.e. 
base still has some drawbacks when it is 
used in some of the most exacting 
circumstances. In response to this the 
Microwave and Circuit Materials Divi- 
sion of Rogers Corporation in Chandler, 
Arizona, have developed a new material 
which helps overcome some of the 
problems. 

The first requirement of the material 
is that its dielectric constant must be 
very accurately known and maintained. If 


there is a variation in this parameter, 
the first the equipment manufacturer will 
know about it is when the circuits do not 
perform correctly. To ensure this is not a 
problem, the dielectric constant of the 
new material is 2.2, and it is maintained to 
an accuracy of +0-015. 


Dimensional stability is also very im- 
portant. However problems arise as a 
result of the temperatures used in the 
manufacture of the material. During the 
process, copper is bonded to the Teflon, at 
a temperature of just over 300 degrees 
C. As the materials cool they contract, 
but the differing coefficients of expansion 
mean that a stress is set up in the board. 

This is relieved when the board is etched 
during the equipment manufacture and 
the dimensions change slightly. As a result 
the exacting tolerances required by the 
p.c.b. design cannot be achieved without 
extra stages being introduced into the 
p.c.b. manufacture. To overcome this 
Rogers have developed a new bonding 
process which involves a thermal con- 
ditioning stage. 

The new material called RT Duroid 
5880DS promises to offer the microwave 
designer significant advantages over pre- 
vious materials. Although it is not likely 
to be seen in many pieces of consumer 
electronics, it does represent a significant 
improvement in the field of performance 
for professional RF equipment. 


Changing tack somewhat, news is 
just beginning to surface about a 
breakthrough in the field of optical 
computer technology. Up until now these 
computers have relied heavily on 
conventional electronics for their control. 
Now researchers at Colorado University 
have developed a machine consisting of 
optical fibres, arrays of lasers, and optical 
switches. | 

The machine uses lengths of optical 
fibre as it memory. Bits of data are sent 
into the three mile lengths emerging two 
millionths of a second later. For control, 
other lasers route light from the fibre to 
optical switches for processing. In this 
way it is currently possible to perform 
simple calculations. 

Although optical computing is still very 
much in its infancy, it promises to give 
some very exciting developments. Offering 
the possibility of a quantum leap in terms 
of processing speed, it could well be the 
technology of the future. 


Everyday with Practical Electronics, April, 1994 


re tlre Mae Op > EE Pe Wr PT Ate. «Te Spa 8 8 



















Over 18,000 Installations 















BRITISH 
in 70 Countries World-wide! DESIGN 
ns i eR s PC/XT/AT/ PEATE TEATS EY 

286/ 386/ 486 with AWARD 


Hercules, CGA, EGA 
or VGA display and 
many DOS emulations. 

e Design:- Single sided, 
Double sided and 
Multi-layer (8) boards. 

e Provides full Surface 
Mount support. 

e Standard output 
includes Dot Matrix / 
Laser / Ink-jet Printer, 
Pen Plotter, Photo- 
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e Tech Support - free. 
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EASY-PC Professional: Schematic $375.00 
Capture and PCB CAD. Links directly | 
to ANALYSER IIl and PULSAR. 


PULSAR Professional: Digital Circuit 
Simulator 
~ 50,000 gate capacity. 


ns ANALYSER Ill: Linear Analogue Circuit $195.00 £98.00 
oS Simulator 
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ANALYSER Ill Professional: Linear $375.00 
; Analogue Circuit Simulator 
ag ~ 750 node capability. 
Z-MATCH for Windows: NEW Windows $475.00 
based Smith-Chart program 
for RF Engineers . 


We operate a no penalty upgrade policy. You can US$ prices UKE prices 


. , upgrade at any time to the professional version ofa | include Post exclude P&P 
Prices from UKE195 / US$375 | ecmamustrerine aiterencein price and Packing. | and VAT 


e TECHNICAL SUPPORT FREE FOR LIFE 
e PROGRAMS NOT COPY PROTECTED. 
e SPECIAL PRICES FOR EDUCATION. 








For full information, please write, phone or fax:- 


Number One Systems 


UK/EEC: Ref. EVD, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR. 

Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 international +44 480 461778 
USA: Ref. EVD, 1795 Granger Avenue, Los Altos, CA 94024 
Telephone: (415) 968 9306 
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Where is Britain’s place in the world scene? 


This is the first in a four-part short series about the British electronics 
industry. Over the next few months we shall explore British manufac- 
turing and find areas where the UK has particular importance. The Best 
of British is aimed at the hobby electronics constructor, consumer and 
those engaged in education and training. However, some specialised 


items will be introduced where they have special interest or 


RITISH innovation is not the same as badge-stick- 
Bix Here, we are not concerned with a British- 

sounding name attached to a product designed and 
manufactured in the Far East. In this series we are 
interested in goods where design, development, manufac- 
ture and marketing — practically everything apart from 
basic bought-in components — may be regarded as British. 

In the final part, we shall look at component suppliers. 
Here we shall be concerned only with the company itself — 
not the sources of supply which will be bought in from a 
variety of manufacturers and agents world-wide. 

We obviously cannot include every British manufacturer 
but only a small sample. Also, although all products men- 
tioned are of a high quality, it is not our purpose to show 
bias or to express opinions about their relative merits. 
Those wishing to compare one product with another should 
approach companies or their agents direct — all will provide 
helpful literature on request. 

This month we shall look at p.c.b. (printed circuit board) 
design software and robots suitable for instruction pur- 
poses. Over the following months we shall examine British 
audio equipment, test instruments and soldering materials 
and finally the electronics service industries — educational 
course organisers and component suppliers. 


History isn’t bunk 

Britain has a long, proud history of electrical and 
electronic discovery, invention and innovation. In 1831 
Michael Faraday made the first electrical generator and the 
transformer on which the large-scale generation and dis- 
tribution of electrical power depends. 

The discovery of the electron itself, the control of which 
constitutes the very subject electronics, was made by the 
British physicist Sir Joseph John Thomson in 1897 (for his 
work he was awarded the Nobel Prize in 1906). Sir John 
Ambrose Fleming (1849-1945) constructed the first diode 
valve in 1904 which led the way to the development of radio 
and the amplifier based on the triode valve which was in- 
vented by the American electrical engineer, Lee de Forest 
(1873 — 1961) two years later. ? 

If you want to see what is going on in British elec- 
tronics industry, you need to look in the right places. Not 
in the cut-throat high street market of cheap consumer 
goods. Here, a label on the back of the product will inform 
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levance. 


you that it has been made in Korea, Malaysia or the 
Philippines. 

Low labour costs in the Far East make it very difficult for 
British manufacturers to compete at the cheap and cheerful 
end of the market. You are more likely to find the “Best of 
British”’ in specialist and high-quality products. Here we 
have some undoubted world leaders. Our audio equipment, 
for example, is second to none and exported to all parts of 
the world. 

We British appear to have a particular aptitude for think- 
ing and designing. Perhaps a consistent lack of funding has 
made us more resourceful than most. It also seems true that 
we have less ability at assessing the mass market and turn- 
ing an idea into profitability. 

Our lack of giving people what they want rather than 
what we think they might want has often been the downfall 
of British invention. An example is the ill-fated Sinclair C5 
electric car. Sometimes we become so engrossed in elegant 
design that we miss the real human need. 


Software 


Such expertise in thinking and designing is perhaps why 
we have made such a large contribution in the field of 
“software writing’. Another likely reason is that it 1s pos- 
sible to design sophisticated programs with only a modest 
financial outlay. It may also be due in part to our develop- 
ment of inexpensive portable computers in the early 80’s. 

Largely due to the efforts of Sir Clive Sinclair, the com- 
puter was put within the reach of all. By taking it out of the 
computer room and putting it into the living room, children 
learnt to see the computer as a friend while many parents 
saw it as a threat. Children learnt to control the computer 
possibly by playing games on it and some developed pro- 
gramming skills — the very children who are now writing the 
type of software which we shall be discussing presently. 

It seems hard to believe that it was only 14 years ago that 
the Sinclair ZX80 was advertised in the pages of Everyday 
Electronics at a ready-built price of £99.95 or in kit form, 
£79.95. This had 1 kilobyte of RAM compared with several 
megabytes in a modern desktop or laptop computer. 


You CAD 


In the UK we write computer-aided design (CAD) 
software for use all over the world. A good example of this, 


Everyday with Practical Electronics, April, 1994 








and one which will be of interest to the electronics hobbyist, 
is that used for printed circuit board (p.c.b.) design. 

Most people are familiar with printed circuits. Many 
years ago, electronic equipment such as radios and TV’s 
were built by “hard-wiring” the individual components 
together. However, this method does not lend itself well to 
mass production and was really only appropriate to rela- 
tively simple circuits. With a p.c.b, individual wires are 
replaced by copper tracks and pads formed on a flat board. 
Several such boards may exist inside a given piece of equip- 
ment. Many projects featured in EPE use a circuit based on 
a single-sided p.c.b. 

The board used for a p.c.b. is made from insulating 
material bonded with a thin layer of copper (copper clad 
board). The parts which will eventually make the tracks 
and pads are covered over to protect them from the chemi- 
cal etchant which will remove the redundant material. 

The simplest way of doing this is to draw the circuit on 
the copper using a special “‘etch resist’’ pen or to use tape 
which is stuck down on to the surface. When the board is 
placed in ferric chloride solution, the exposed copper is dis- 
solved — or etched — away to leave the required tracks and 
pads. 

If several identical boards need to be made, or where a 
complex layout is involved, this method is not appropriate. 
In such cases, a photographic technique is used. Here, 
special copper clad board having an ultra-violet sensitive 
(resist) coating is used. 

The artwork is prepared on transparent film which is then 
laid in contact with the sensitive coating. The board is 
exposed to ultra-violet light through the transparency then 
placed:in a developer bath. This removes the resist in the 
areas reached by the UV. The board is then immersed 
in etchant and the unprotected areas of copper dissolved 
away to leave the final circuit. Using only one master, any 
number of p.c.b’s can therefore be made. 


Cut and Stick 


Those who make only the occasional simple p.c.b. may 
find that sticking down tracks and pads made from sticky 
tape is still the most appropriate method. However, there is 
much to be gained by designing the layout on a computer 
screen. The user may then produce master artwork on a 
printer. A transparent copy may be made from this using a 
photocopier or those having an ink-jet or laser printer can 
make one direct on transparent film. 

One advantage of computer-aided design is that mistakes 
are easily corrected. Also, the design may be stored on disc 
so that it may be modified at a later date and used for other 
similar circuits. 

As a rule, companies produce two levels of software. 
We shall be more concerned with the lower-level type (so- 
called entry level) because this will be of greater interest to 
the amateur. However, many companies offer 100 per cent 
buy-back if a customer wishes to upgrade. That is, the 
higher-level product is obtained by paying the difference 
in price. | 

Typically, this type of software runs on a PC and has two 
distinct uses — p.c.b. design and the drawing of circuit dia- 
grams (schematics). For either application the appropriate 
symbols such as resistors, capacitors and so on are drawn 
from a library. These are displayed on the screen and may 
be moved and rotated as required. 

The copper tracks may be defined in a number of widths 
then added and routed to make the circuit diagram or 
layout required. For p.c.b’s, pads may be generated in 
various shapes and sizes and having a range of hole 
diameters. A grid may be used to get component lead and 
pin spacing right and the layout may be magnified to enable 
small sections to fill the screen for close examination. 

Where non-standard component symbols are required, 
these may be defined by the user and stored for future use. 
Using the block command, large areas of the diagram may 
be edited, moved, rotated, mirrored and copied as required. 
Generally text in various sizes and widths can be added 
to diagrams. 
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As a rule, the software may be driven using the computer 
keyboard or a mouse. Although a mouse makes it easy to 
use, keyboard shortcuts are faster and more convenient for 
frequent users. Note that the two functions — p.c.b. design 
and circuit diagrams are often completely separate. It is not 
usually possible to import parts taken from one into the 
other. 


Matter of Opinion 


Because much of the foregoing information is of a general 
nature, anyone contemplating buying this software should 
seek specific information from the supplier. It may be neces- 
sary to check that it will run correctly on the. available 
equipment and that sufficient free memory 1s available. 

When a facility is mentioned for one particular product, 
this does not imply that it is not available on others. 
Readers will need to check with the manufacturer for 
facilities which they are particularly interested in. 

Often a demonstration disc will be sent if a serious request 
is made to the company. Obviously, these will not have all 
the facilities of the full software. However, by using it you 
can get a feel for the product and find which one suits your 
requirements and method of working best before making a 
commitment to buy. Teachers in schools and colleges will 
often find that an educational discount 1s available. 

To illustrate all this, we shall examine four companies: 
Number One Systems Ltd (EASY-PC), Tsien (UK) Ltd 
(BoardMaker) Labcenter Electronics (/sis and Ares) and 
Niche Software (PCB Designer). 


EASY-PC 


The company now called Number One Systems, Ltd. 
began in 1978 as Number One Marine. This specialised in 


the manufacture of products for sailing enthusiasts such as 


self-steering equipment. However, in 1983 and: with the 
present company name, they entered the computer simula- 
tion market and over the following years gained valuable 
expertise in developing and marketing analogue — and sub- 


sequently digital — circuit simulation software.;;The. line..,; 


continues to this day with entry and professional versions 
of Pulsar (digital circuit simulator) and Analyser III (linear 
analogue circuit simulator). 

In 1987, the first version of EASY-PC (the entry level 
p.c.b. design and schematic drawing software) was 
developed ready for sale. Note that the higher-level 
EASY-PC_ Professional links directly with Pulsar and 
Analyser providing the professional engineer and serious 
hobbyist with a complete integrated system for circuit 
development, testing and subsequently designing a p.c.b. 
layout without actually touching a component. 

Number One Systems carry out all aspects of software 
development, sales and marketing on site with some 18 
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workers involved. The company has, at the time of writing, 
over 17,000 installations of EASY-PC and 25,000 installa- 
tions in total world-wide. Some 40 per cent of production is 
exported — to 76 countries at the last count. EASY-PC is 
marketed in various foreign language versions and for the 
American market, the company have opened an office in the 
United States. 

EASY-PC combines separate schematic drawing 
capability with p.c.b. design. Text may be added in various 
sizes and widths — it is even possible to use special 
characters such as “Q” and “‘w’’. To run EASY-PC you will 
need a PC XT/AT/286/386/486 (although you will find that 
it will run on the most basic of machines) and DOS 2.0 or 
later with a minimum of 512K memory. Installation on a 
hard disc is preferable but two floppy drives may be used 
instead. 

The cost of EASY-PC is £98 and of EASY-PC Profes- 
sional, £195 (plus VAT and postage/packing) and Number 
One Systems promise free support for life. Updates (that is, 
a later version of the same product) are supplied free for the 
first 6 months. After that, they cost £25 maximum. 

Many amateurs begin with the entry level product but 
there are increasing numbers of hobbyists who go straight 
for EASY-PC Professional. Cautious users have nothing to 
lose by starting at entry level since a future upgrade is made 
by simply paying the difference in price. A demonstra- 
tion disc is available on request for anyone contemplating 
buying either EASY-PC or EASY-PC Professional. Educa- 
tional discounts are also available. 


BoardMaker 

Established in 1989, Tsien (UK) Ltd is a wholly British 
company and now has a turnover of £0:25 million. At the 
moment 40 per cent of production is sold on the domestic 
market and 60 per cent. exported world-wide. 

Tsien’s BoardMaker is made in two versions — the entry 
level product, BoardMaker I, and the more technically ad- 
vanced one, BoardMaker 2. They claim some 5000 users of 
BoardMaker world-wide — among them large corporations 
such as GEC and Rolls Royce as well as national govern- 
ment agencies and government establishments abroad. 

BoardMaker 1 provides all the features needed to 
produce circuit diagrams and p.c.b. design artwork. 
However, an upgrade to BoardMaker 2 may be useful to 
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those who require autorouting of tracks in a p.c.b. design — 
that is, the facility to route tracks around the board 
automatically. 

Either BoardMaker version will run on virtually any PC. 
You will also need DOS 3.0 or later and 640K of available 
RAM. Installation on a hard disc is best — this will need 
1Mb of free space. A less convenient alternative is to use 
two floppy drives. 

It is possible to operate BoardMaker without a mouse by 
using the arrow keys and keyboard short-cuts. However, in 
practice, a mouse will be found almost essential. Tsien will 
provide three months of free telephone support to its users. 
At the time of writing BoardMaker I costs £95 (plus VAT). 


Supersketch 


Labcenter Electronics produce the families — [sis 
(Intelligent Schematic Input System) and Ares (Advanced 
Routing and Editing Software). All products are developed 
in-house and sold around the world — to 30 countries at the 
last count with exports accounting for 30 per cent of 
turnover. 

Isis Supersketch is the budget package which enables cir- 
cuit diagrams to be drawn and PCBI/ is the matching p.c.b. 
design package. To run Supersketch and PCBII you will 
need a PC XT/AT/386/486 and at least 512K (640K for full 
capacity) of available RAM and a hard disc drive with 1Mb 


O of free space. A mouse is also necessary. 


Unusually at entry level, Supersketch features Automatic 
Wire Routing. This is invoked when the mouse is clicked 
on a component pin. It then assumes that you are going 
to route a wire from that point. When you click on a pin 
elsewhere, a wire is automatically drawn between the pins 
taking into account the positions of existing components 
and wires. It is also possible to route the wire manually if 
the automatic one is inappropriate. 

Automatic dot placement is another feature of Super- 
sketch. This means that where three or more wires meet at a 
point, a dot is automatically placed at the junction. 

Labcenter currently package Supersketch and PCBII to- 
gether as a Cadpak. This has been updated recently with the 
addition of a surface-mount library. The all-in price is £79 
(plus VAT) and it will be available at this price throughout 
1994 and probably beyond. Telephone support of Lab- 
center products is provided without restriction. 


Filling a Niche 

A relatively new company, Niche Software was formed in 
1993. Stephen Hurcombe wrote PCB Designer on his own 
with the aim of producing an easy-to-use product using 
Windows. Plans for future software, not necessarily related 
to electronics, are in the low-volume “‘niche’’ market — the 
kind which is overlooked by the large companies. 

PCB Designer is designed to run ona PC (minimum 286) 
with Windows 3.0 or 3.1, having 2MB RAM and a VGA 
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The Valiant Turtle remote controlled turtle. 


display. Its low cost — £49 inclusive of VAT and carriage — 
makes it a good proposition for those needing to produce 
simple p.c.b. design artwork. 

PCB Designer will appeal to hobbyists. It could also be 
used as a good introduction to computer-aided design in 
schools and colleges. Its simplicity obviously means that 
there are limitations but these will be not be a problem 
within the target group. One unusual point is that it has 
been produced without a traditional instruction manual. In- 
stead, it has an on-line tutorial which saves costs. 

It took about nine months to develop PCB Designer. The 
next product will be the companion Circuit Design package. 
There have been enquiries for Designer from Europe and 
Syria. An order has been despatched recently to Sri Lanka 
so there is export potential. 


Robotics 


The word Robot comes from the play R.U.R. (Rossum’s 
Universal Robots) written in 1920 by the Czech playwright 
Karel Capek. The old Science Fiction notion of robots 
appearing like human beings (androids) then grouping 
together, taking over the world and finally destroying 
humankind now seems very old-fashioned. 

Although universal robots designed to look like humans 
seems fairly pointless they are often modelled on parts of 
the human anatomy — particularly the arm — and designed 
to do a specific type of job. This gives rise to a variety of 
industrial robots which can perform many of the routine 
tasks previously carried out by humans without fatigue, 
complaint or the need for pay. 

The familiar robot arm with gripper looks much like a 
human arm and articulates in similar ways. However, its 
precision at placing parts and the speed at which it works 
far outstrips the ability of a human operator to perform the 
same task. Car manufacture and electronic assembly work 
are areas where robot arms are ideal. 

Unlike previous generations of dedicated machines, the 
robot is programmable. It can thus be turned to new uses as 
the need arises. Thus, the large capital outlay can be jus- 
tified. 

One common method of programming is to lead the 
robot ‘“‘by-the-nose” through the operations required. A 
human paint sprayer or welder, for example, can teach a 
robot arm to copy his movements. Other programming 
methods include the use of ready-written software or pro- 
gramming the device using a computer keyboard. 
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It is true that some countries use industrial robots more 
widely than we do. However, in one area we do very 
well. This is in the design and manufacture of small to 
medium-sized robot arms and buggy-type devices used for 
demonstration, educational and training purposes. 


Roaming in the gloaming 

Robots may be introduced to children with the Roamer 
and the Turtle manufactured by Valiant Technology Ltd. 
This company was set up in 1984 with the introduction of 
the Turtle. The Roamer followed in 1989. 

Roamer is an entry-level robot which takes the form of a 
“smartie shaped” user-friendly buggy. Movement is con- 
trolled with single key-presses on a bright and colourful 
keyboard. A memory can store up to 70 instructions and 
by using repeat and procedure facilities, it can carry out 
hundreds of commands. . 

Roamer was developed after consultation with over 300 
teachers to ensure that it matched the needs of the National 
Curriculum. It is suitable for very young children who find 
the Logo-like programming language easy to understand. 
Semi-disposable jackets, available in different colours, give 
the child an opportunity to personalize the robot and to use 
their imagination. Sounds are also possible (pitch, duration 
and tempo) so the device may be used to provide an intro- 
duction to music. 

It can draw patterns on paper by means of a pen or pens 
attached using a special kit and although not as precise as 
the Turtle (see below), this does, nevertheless, give children 
an idea of simple graphics. By using the Control Box (avail- 
able as an extra), which fits underneath, Roamer can in- 
teract with the environment using various motors sensors, 
lights, etc. 

One interesting feature of Roamer is the ability to store 
a program using a computer interface. Different versions 
are available to run on a PC, BBC, Archimedes and other 
computers. Storing programs allows procedures to evolve 
over several lessons and a library of robot behaviour to be 
built up. Programs may also be merged so that groups of 
children can work independently on specific aspects of it. 

Roamer costs £90 and a pack of four semi-dis- 
posable jackets, £17. The Control Box costs £47. These 
sample prices are approximate and exclude VAT and 
postage/packing. Light packs, sensor packs and motor 
packs (at about £30) are available from the company with a 
full price list available on request. Quantity discounts and 
discounts for prompt payment and for cash with order are 
available. The whole Roamer package is supplied with a 
User Guide and a book containing 16 activities. A wall 
poster and videos are also available. 


Going Turtie 

The Valiant Turtle is claimed to be the world’s only 
remote-controlled (that is, wireless) floor turtle so it is free 
to move without encumbrance anywhere within a range of 
six metres of the host computer. The turtle is economical to 
run because it houses a set of rechargeable batteries (the 
eyes dim when it is time to re-charge!). The pen-carrying 
robot — said to be the most accurate on the market — can 
provide experience in a wide variety of topics ranging 
from computing, mathematics and geometry to pure artistic 
design. 

The Turtle appears as an actual turtle (tortoise) with a 
transparent cover through which the inner workings may be 
seen — see photograph. It is programmed in Logo from the 
computer keyboard and this is easily understood by most 
children. It also acts as an introduction to more complex 
programming later. | 

Various computers may be used in conjunction with the 
appropriate software including the BBC B/Master, Ar- 
chimedes, PC’s and others. Complete Turtle systems cost 
around £250 with all computer interfaces, £36. Support is in 
the form of a technical manual, parent/teacher book and 
children’s comic. | 

Annual turnover of Valiant is now £1 million and with 
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- agents having been appointed in the USA, New Zealand, 


and throughout Europe, the company anticipates exports 
to reach 40 per cent of production over the next few years. 


Bs ; Valiant offer a free helpline with technical and educational 
_ support. They also produce a colourful User Group 
- Magazine Go which gives details of novel uses for the 


products, hints and tips as well as details of new materials 
being developed by the company. 


 TecQuipment 


For more advanced robot training, TecQuipment Ltd | 
produce a range of educational equipment and of par- 


ticular interest are the MA2000 and MA3000 systems. The 


MA2000 is suitable for learning the principles of the in- 


_ dustrial robot. It is, in fact, a small robot arm having a 

- reach of 500mm and six axes of movement plus gripper. The 

_ three major axes are waist, shoulder and elbow plus three 
- minor ones — pitch, yaw and roll. 


All movements are driven by d.c. motors except the grip- 
per which is pneumatic and needs a clean compressed air 
supply to work. This gripper can accept a variety of jaws 


__and tools which enable “‘real’’ tasks to be carried out. The 


robot can be programmed by “‘lead-by-nose’’, taught from 
the keypad supplied or programmed from a computer key- 
board. The package consists of the arm itself, controller 
interface, keypad and manual. Also available is supporting 


teaching material, student assignments, etc. 


The larger MA3000 robot system has a reach of 750mm 
and, like its smaller brother, is supplied as the arm itself, 


interface, keypad and manual. It has the same major axis 


functions as the MA2000 but only two minor axes — pitch 
and roll. 


Cybernetic Mentor 


Cybernetic Applications produce a range of robotic train- 


ing materials for education, training, research and industry. 


This company was established in 1984 following a series of 
articles about Mentor and Neptune robots by director Dick 


- Becker in Practical Electronics (now incorporated in this 


magazine). 

The CyRo Training System costs £495 and is a miniature 
training robot. Commands are provided from a host com- 
puter keyboard via a RS232 interface. It may also be pro- 
grammed off-line with graphical simulation. 

A complete work cell is available for £595. This consists 
of a “real” situation with 500mm conveyor, automatic 
parts dispenser, height and width gauges, infra-red com- 











Addresses 


Computer-aided design: 
Labcenter Electronics, Dept EPE, |4 Mariner’s Drive, 
Bradford, BD9 4JT. Tel: 0274 542868 © 


Niche Software, Dept EPE, The Bannut Tree, Kerrys 
Gate, Hereford. HR2 0AG. Tel: 0432 264800 


Number One Systems Ltd., Dept EPE, Harding Way, 
Somersham Road, St. Ives, Huntingdon, Cambs. PEI7 
4WR. Tel: 0480 461778 


Tsien (UK) Ltd Aylesby House, Wenny Road, Chat- 
teris, Cambs. PEI6 6UT Tel: 0354 695959 


Robots: 


Cybernetic Applications Ltd., Dept EPE, West 
Portway Industrial Estate, Andover, Hampshire, SP10 
3LF. Tel: 0264 350093 


TecQuipment Ltd, Dept EPE, Bonsall Street, Long 
Eaton, Nottingham. NGIO 2AN. Tel: 0602 72261 | 


Valiant Technology Ltd, Dept EPE, Myrtle House, 69 
Salcott Road, London, SWI! 6DQ. Tel: 071 924 2366 





ponent sensors, work pieces and so on. The system is 
secured to a 800mm x 600mm melamine faced board and 
included with it is a set of example programs and exercises. 

Also of interest to the amateur and educationist is the 
Mentor Desk Top Robot (see photograph). This entry-level 
robot arm with a reach of 420mm is a small version of the 
familiar five-axis plus gripper human-arm type mentioned 
earlier. Mentor needs only a mains supply and a PC, BBC B 
or Master computer together with a suitable monitor. 

Programming may be carried out from the computer key- 
board or lead-by-nose. Another interesting method of pro- 
gramming is for the robot to copy the movements made by 
a small-scale handheld model of itself i.e. by simulation. The 
manual supplied with the arm suggests various experiments 
on accuracy, repeatability, etc. Cost of Mentor complete 
with control system is £1190 and the simulator, an extra 
£100. 

More sophisticated systems produced by the same com- 
pany have industrial capability and although more ex- 
pensive may still fall within the budget of some larger 
educational establishments. The Gryphon 5-axis plus grip- 
per precision robotic system having a reach of 640mm, for 
example, costs £3450 with gripper and simulator extra. 
Cybernetic Applications claim the world’s largest range of 
low-cost robots. Presently 80 per cent of production is 
exported with half of that going to the EC. 


That’s all for this month. Next month we shall take a look 
at the British Audio industry with a particular emphasis on 
loudspeaker manufacture in which we excel. 





Cybernetic Applications robot arms Mentor (left) and Gryphon. 
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PHIL GREEN 


The art of (Cheap) noise! or... 
Put your beep to sleep, and 
astound with sound! 


INCE its introduction the IBM com- 

patible PC has improved in so many 

ways — in terms of speed, ease of use, 
and smaller yet faster boxes. 

One area that has been slow to develop is 
sound, and even now few PC’s are capable 
of anything more than a “‘beep’. Commer- 
cial sound cards are now readily available, 
but are still fairly expensive. These fall into 
two categories — pure FM synthesis such as 
the Ad-Lib card, and those with digital to 
analogue conversion (DAC), for example 
the “Sound Blaster’. 

Microsoft Windows requires the latter 
type since it makes extensive use of digi- 
tally sampled sound files. These have the 
extension ““.WAV” and consist basically of 
a short header indicating playback speed 
and length, followed by a stream of 8-bit 
sampled data. The most effective WAV files 
are unusual sound effects, such as breaking 
glass and explosions, or running water! 

One disadvantage of a commercial board 
is that it isn’t easily shared between two 
PC’s — and what if you own a laptop which 
doesn’t take expansion cards? 


This project describes a simple, high 
quality unit which sounds just like a £100 
commercial card, yet costs very little and 
simply plugs into the PC’s printer port. 


DIGITAL-to- 
ANALOGUE 
CONVERTER 


The full circuit diagram for the EPE 
SounDAC is shown in Fig. 1. This cir- 
cuit consists of just two integrated cir- 
cuit devices; the ZN426E-8 digital-to- 
analogue converter (DAC), IC1, and a 
low voltage power amplifier, IC2, type 
LM386N-1. 

Most of the ‘“‘action” takes place inside 
the D/A converter chip, so the external 
component count is kept very low. The 
pinout details for the ZN426E-8 8-bit D/A 
converter is shown in Fig. 2. 

So how does a DAC work? The ZN426E 
consists of a precision voltage reference, 
an array of switches, and a complex ar- 
rangement of resistors known as an “‘R-2R 
ladder network”’. 





Fig. 1. Complete circuit diagram for the EPE SounDAC add-on sound card. 
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Since only two values of resistor are 
used, the values can be matched very 
accurately — far better than would be 
possible using discreet components. Let’s 
take each stage in turn, starting with the 
simplest, the voltage reference. 

The voltage reference section of the 
ZN426E, see Fig. 3, behaves like a very 
accurate 2‘5V Zener diode, and has a very 
low internal impedance. This stage requires 
two additional components — a resistor 
which provides the reference current from 
the V., rail, and a capacitor to provide 
decoupling. The output from this stage can ° 
feed several DAC’s in a more complex 
circuit, but in our case the voltage 
reference output is connected directly to 
the reference input. 


STEP LADDERS 


The ladder network is arranged as in Fig. 
4, where each of the eight input bits con- 
trols one of eight “bit” switches. A logic 
zero (“‘low’’) equates to the switch effec- 
tively grounding its resistor, and a logic one 
(“high’’) switches that node to the reference 
voltage feed. 

At each node, points 1 to 8, the resis- 
tance looking along the ladder is the same 
as the resistor value connected to ground. 
Since two 2R’s in parallel equal R, each 
node supplies the next through a potential 


(MSB) 01 Ey 


ZN426E 
ANALOGUE OUT 


EEC4676 


Fig. 2. Pinout details for the ZN4A26E 
8-bit digital-to-analogue converter 
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divider and the current is therefore div- 
ided by two at each node. The combined 
current from each active node is fed to a 
buffer amplifier, and finally to the analogue 
output. 

Lets say, for example, that the reference 
current at node 8 is set to 128 microamps. 
Each successive node carries half the cur- 
rent from the preceding node, so node 7 
takes 64 microamps, node 6 takes 32pA, 
node 5 takes 16uA, node 4 takes 8y.A, node 
3 takes 4A, node 2 takes 2uA and node 1 
takes 1 microamp. 

A binary input to the DAC of say 
10011101, or 9D in hex would, via switches 
1, 3, 4, 5 and 8, take currents of 128A + 
16pA + 8nA + 4nA + IpA, giving a 


combined output of 157 microamps. As — 


you may have guessed, 9D in hex equals 
157 in decimal, and the output stage would 
present 1:57V at the analogue output pin. 

The analogue output from IC1 is fed, via 
capacitor C2 and “volume” control VR1, 
to the audio amplifier IC2. The capacitor 
across pins one and eight sets the gain of 
the amplifier. 

If pins one and eight are left open circuit 
(unconnected) the gain is preset internally 
to about 20dB. Capacitor C6 connected to 
pin 7 sets the power supply rejection ratio. 


ZN426E 


Fig. 3. Simplitied voltage reference 
section of the ZN426E DAC. 


CONVERSION 
THEORY 


To store digitised sound, we must 
measure the incoming audio level at a rate 
which is at least twice that of the highest 
frequency we wish to reproduce. Since one 
byte can represent any of 256 values, (2 to 
the 8th power) each reading is approxi- 
mated to one of 256 voltage levels and then 
stored in the .WAV file. Typically a sample 
frequency of 11kHz is used, giving an 
effective bandwidth of 5-5kHz. 

A typical digital-to-analogue converter 
raises its output voltage by 0-01V for every 
increment at its binary inputs. Byte values 
of 0 to 255 at the inputs will therefore give 
outputs of 0 to 2:55 volts. 

Since audio waveforms are a.c.,-1.e. they 
swing either side of a neutral point, we 
offset each byte value by 128, which leaves 
+/— 128 to represent values from 1-28 
volts + /— 1-28 volts. 

This is achieved at the recording phase, 
where the audio is biassed such that it cen- 
tres on 1:28 volts, and amplified so that it 
peaks at 2:55 volts and 0 volts. 

To produce a sound, the operating sys- 
tem or application takes data byte by byte 
from the relevant .WAV file, and passes this 
on to the EPE SounDAC software driver. 
Each byte is sequentially written out to 
either printer port, LPT] at address 378 
hex, or LPT2 at 278 hex. 
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Fig. 4. The internal R-2R ladder network and binary switches of the ZN426E 


digital-to-analogue converter chip. 


The digital-to-analogue converter is con- 
nected to the eight printer data lines and 
so its analogue output faithfully recreates 
the original audio signal. This in turn 
drives a loudspeaker LS1 via a small audio 
amplifier IC2. An l.e.d. D1 indicates that 
power is present. 


COMPONENTS 


Resistors 
R1,R4 470 (2 off) 
R2 100k 
R3 10 
All 0:-6W 5% carbon film 


Potentiometer 
VR1 10k skeleton preset or 
rotary carbon (see text), log. 


Capacitors 
C1, C4 
C6, C7 Op1 polyester (4 off) 
C2,C5 10 tantalum bead, 16V 
x. | 100p radial elect. 10V 
C8 47 tantslum bead 10V 


Semiconductors 
D1 3mm red l.e.d. 
ict ZN426E-8 8-bit 
digital-to-analogue 
converter (DAC) 
IC2 LM386N-1 325mW audio 
amplifier 





CONSTRUCTION 


The EPE SounDAC project is built on a 
small printed circuit board and the topside 
component layout and the full size under- 
side copper foil master pattern are shown 
in Fig. 5. This board is available from the 


_EPE PCB Service, code 868. 


Approx cost 
guidance only 


a I 


PL1 25-way male D-plug, either 
printed circuit board 
mounting or crimp-on 
(0-1 inch spacing). 

LS1 8 ohm miniature 
loudspeaker or car speaker 
pod 

Printed circuit board available from 

EPE PCB Service, code 868; 8-pin i.c. 
socket; 14-pin i.c. socket; 4-pin in- 
line ‘‘Molex” p.c.b. mounting header 
plug and socket; 3-5mm jack plug and 
switched socket for speaker; 5-pin DIN 
plug and socket (if required for key- 
board power adaptor); 25-way ribbon 
cable (if required for remote p.c.b. con- 
nection); multistrand connecting wire; 
plastic sleeving; solder etc. 








10 20 30 OQ O O ? 0 Ae 0 1P:0,0 


12345 67 8 9 1041 12 13 
P.C.B. BOARD SOLDERED TO D-PLUG 





Fig. 6. Soldering the D-plug directly onto the p.c.b. 
copper pads using the lower pins 71 to 13, and the 
top pins (18-25) for the OV line. 





° 
On OV 


Fig. 5. Printed circuit board component layout and full size underside 
copper foil master pattern. “i 





_ Choose whether to have your board 
mounted directly on its connector (as in the 
prototype model — see photograph and Fig. 
6), so that it plugs directly onto the rear of 
the PC, or on a length of cable inside 
the speaker case. Note that the board is 
designed to take connectors with 0-1 inch 
spacing, such as the crimp-on ribbon types. 
You may also choose between a small, 
board mounting, preset potentiometer or a 
rotary spindle type mounted away from the 
main board. 
Begin construction with the resistors, 
capacitors (noting the polarity of tantalum 
beads), the l.e.d. and i.c. sockets. If you 
choose to mount the connector directly 
onto the board, ensure that pins 2 to 9 are 
the ones which connect to the DAC, before 
soldering the plug to the board. Removing 
a wrongly-fitted plug will be quite difficult! 
Use fairly heavy copper wire for the 
ground (OV) connection to the plug, as this leads; a Molex-type header plug is ideal, 





Fig. 7. Alternative ribbon cable wiring. 





will provide some mechanical support. Lay but isn’t essential — solder pins are cheaper, aie 
the wire across pins 18 to 25, then down to after all! : of pins 18 to 25 for “earth” (OV). Ribbon 
the ground pad below pin 25. If you didn’t use a board mounted con- cable is the most convenient, but beware 
~ Carefully insert the amplifier and DAC nector, wire up the ribbon cable as per Fig. of the numbering scheme if you choose a 


i.c.’s. Make up the power and loudspeaker 7. We use only pins 2 to 9 for data, and any crimp-on plug — taking the red stripe of the 
cable as pin 1, the line numbers should be 
as shown. 

If you can find a male to male 25-way 
ribbon cable, simply snip it in the middle 
and make two! 


POWER SUPPLY 


Power can be taken from four pen cells, 
or preferably from the PC itself. Two op- 
tions include a spare disk-drive power con- 
nector brought out through the rear of 
the PC, or by intercepting the keyboard 
lead which carries 5V. If you prefer to 
use a spare drive connector use only red 
and black; yellow carries 12V which will 
destroy the circuit! 

A suitable keyboard adaptor can be 
made from a short length of 4-core cable 
(pin 3 is unused) and a 5-pin DIN plug and 
socket combination, see Fig. 8. Be espe- 
~ cially careful that the connections are cor- 
Fig. 8. Keyboard power interceptor wiring using 5-pin DIN plug and socket rect and that no shorts can occur between 
combination and a p.c.b. header plug. pins — sleeve each after soldering to be sure. 
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Suitable housings include cheap car 
speaker pods, a discarded radio stripped of 
all but its speaker, or a CB extension 
speaker. 


SETTING UP 


The setting up procedure for Windows 
3.1 is a little involved, so test the board 
using the DOS program 4PLAY.COM 
supplied on the driver disk (see under 
“Software Program Disk” heading). Con- 
nect up the power and speaker leads. 
Ensure that the l.e.d. lights, and expect a 
reassuring click as the loudspeaker is 
connected. 

Carefully insert the board into your 
printer port. Insert the floppy disk, switch 
to drive A: and enter the line: 

4PLAY VIDEO /S12 /P378 /R2 

A simple circuit such as this should work 
first time. If not, check for pins bent under 
chips, tantalum bead polarities, and solder 
bridges. You did remember the ground 
connection to the plug, didn’t you? 


INSTALLING 
THE DRIVER 
SOFTWARE 


Load up Windows 3.1 as usual, and 
double-click on Control Panel, which is 
usually in the Main group. The two 
relevant icons within control panel are 
Sound and Drivers. Double-click on 
Drivers, and select Add. A list of available 
drivers will be displayed, but 
“unlisted driver’’. 

Control Panel will ask for the driver disk 
to be inserted into drive A:. From the 
options “DAC on LPT1” and “DAC on 
LPT2” select your required driver. 


- manual has 


select — 


Configure the speed to 266 (you may 
need to adjust this) and the volume all the 
way down to zero. Choose unlimited length 
of playback. Close down each window in 
turn, until you are back at the Control 
Panel. Select Sound, double click on any 
.WAV file, and... success! 

Within Windows 3.1, sounds can be 
assigned to events such as_ startup, 
closedown, errors, and so on, using the 
Sound icon. Simply highlight an event, and 
the required .WAV file. Your Windows 
details, and shareware 
packages are available to fully exploit 
sound within Windows. 

Once tested, the completed circuit board 
can be mounted in a case, which can be 
drilled to take the optional volume control 
potentiometer and perhaps the power on 
indicator. 


FURTHER 


DAC USE 

The ZN426E is a general purpose DAC 
and is of course capable of more than 
audio reproduction. If the output of the 
DAC is taken to an oscilloscope, then sine 
waves, triangle waves and other functions 
can be generated and displayed. 

Take a connection either from pin 4 of 
ICl, or from the positive terminal of 
capacitor C2, and set your scope to d.c., at 
a sensitivity of say one volt per centimetre. 
Using a simple program, numbers can be 
either calculated or taken from a table of 
values, and written out to the printer port. 
Careful examination of the scope trace will 
reveal the small steps between ideal values, 
similar in effect to a diagonal line drawn on 
a low-resolution graphics screen. 


This short assembler program can be en- 
tered using Debug, and will display a ramp 
waveform until the PC is reset: | 


mov dx,378 

out dx,al 

inc al 

jmp 103 <press return twice here... > 
g=100 — 


An equivalent BASIC program might 
read: | 

10A=0 | 

20 OUT &H378,A 

30 A=A+1 

40 IF A> 255 THEN A=0 

50 GOTO 20 


Note that the frequency of the waveform 
in the second case is much lower, due to the 
use of an interpreted language. Decrement- 
ing the value to be output will reverse the 
slope of the ramp, but the calculation of 
SIN values to produce a sine wave is left 
for the keen experimenter and amateur 
mathematician! 


SOFTWARE 
PROGRAM DISKS 
Microsoft Windows sound driver 


programs: LPTIDAC.DRV_ and 
LPT2DAC.DRV DOS sample player 
program for DAC and PWM: 
4PLAY.COM Available from the author 
Phil Green, at 6 Yews Close, Worrall, 
Sheffield S30 3BB. No charge will be made 
if you send a formatted disk in a re-usable 
mailer enclosing return postage and 
address label; otherwise please send a £5.00 
cheque to cover costs. 
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DISTANCE LEARNING COURSES 


Update and reskill at home or in your workplace training centre with these highly 
practical industrially approved short courses. There is no travelling so commence at 


Electronic Testing & Fault Diagnosis 


Analogue Electronics 
Digital Electronics 
Fibre/Optoelectronics 


Programmable Logic Controllers 


Courses are supplied with NCT training workbooks, audio cassette lecturettes, PCB’s, 
instruments, tools, components and leads as necessary for each course. Continuous 
tutor support and BTEC certification is available as an option from NCT. Individual 
course certificates can be credited towards a BTEC Continuing Education Certificate 
which is at NVQ level 4. For the latest information on courses and your options write or 


National College of Technology, NCT Ltd., PO Box 11 
Wendover, Bucks. Tel: (0296) 624270 
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ELECTRONICS PRINCIPLES 
SOFTWARE 


from E.P.T. Educational Software ¢ret.0376 514008) 


If you are looking for a means of improving your knowledge of the basics of 
electronics then this software is for you. 


Electronics Principles covers: 

* Insulators, Conductors, Resistance 
* D.C. Circuits 

* Capacitance and Inductance 

* A.C. Series Circuits 

* A.C. Parallel Circuits 

* Reactance and Impedance 






Halt Wave Rectifler. 






= > Ripple Vokage. 






Input V. peak. = 100V 
Series Resistor = SQ 
Load Resistor = 1002 
Voltage drop Rs = 4.7619V 
Voltage drop Di = 600aV 

Peak voltage Load = 94.6381 
Peak Current Load = 952.381mA 
Ci. = 1000pF 

Voltage Ripple p-p = 19.6476V 




























* A.C.andD.C.Power lan ios alain tee eee ee 

* Frequency and Tuned Circuits diode is cut-off, and Cl discharges Vie KL, Until the next positive pules 
arrives. The charge stored in Ci can be increased by waking it larger. This 

* Using Numbers decreases the ripple voltage. Rs limits the diode forward current. 

* Complex Numbers, Phase Angles Half Wave Rectifier screen 

* P.N. Junction Diode 


Having reviewed a dozen, or more, educational software 


* Transistors packages designed to “teach” electronics, I was more than 


* Operational Amplifiers a little sceptical when I first heard about Electronics Prin- 
de basic ace ciples: there seemed to be little that could be done that has 
8 not been done elsewhere. When I started to use the package 
* Digital Number Systems my views changed. Indeed, I was so impressed with it that I 
* Combinational Logic quickly came to the conclusion that Everyday with Practical 
lip Fl Electronics readers should have an opportunity to try the 
* Flip Flops package out for themselves! 
* Counters and Shift Registers MIKE TOOLEY B.A. 
Dean of Faculty of Technology, 
* Memory Brooklands Technical College 
Over 200 menu driven screens with interactive 
graphics enabling a learning by doing approach Demonstration disk available 
to encourage experimentation. Electronic Principles or GCSE Maths 
(state which) 
Complete package send £2 (Overseas orders 





Only £49 95 ‘ac. VAT send £3) — includes P&P 
® inc. 











ELECTRONICS PC TOOLBOX GCSE MATHS 

A wide range of electronics formulae for A series of programs covering all the major topics re- 
circuit calculations on screen. Insert your own quired by the school syllabus. Designed to be user friendly 
d cian wesuits. “Takes all enabling you to study or revise in what we believe is 

values an get ins sn an interesting and enjoyable way. There are nearly one 
the hard work out of electronics calcula- hundred and fifty menu driven screens with interactive 
tions and helps students to understand the graphics, enabling a ‘learning through doing’ approach to 
applications. Only £14.95 inc. VAT encourage experimentation. Only £49.95 inc. VAT 


These programs require a PC (or fully compatible system) running DOS with an 80286 or better 
processor and VGA (ideally colour) graphics. In addition you must have 4Mb of hard disk space, a high 
density (1-44Mb) floppy drive and at least 640K of RAM. We also recommend the use of a mouse. 


Distributed by Direct Book Service, 33 Gravel Hill, Mer ley, Wimborne, Dorset, BH21 1RW. (Mail Order Only). 
Add £1 per order for UK post and packing. Make cheques payable to Direct Book Service. 


Direct Book Service is a division of Wimborne Publishing Ltd. publishers of Everyday with Practical Electronics. 
Tel: 0202 881749. Fax: 0202 841692. 


Visa and Mastercard orders accepted (minimum credit card order £5 — please give card number, card expiry date and cardholders address if 
different to the delivery address. 


OVERSEAS ORDERS: Add £2 postage for countries in the E.E.C. Overseas readers, outside the E.E.C. countries add £3 for airmail postage. 
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ELECTRONICS 
WORKBENCH 


MIKE TOOLEY BA 














Mike Tooley examines the “electronics lap 
ina computer” from Interactive image 


Technologles. 


MAGINE being able to assemble an 
‘ electronic circuit, connect it to a supply, 

and then check the performance of the 
circuit with a range of conventional items 
of test equipment, all without leaving the 
comfort of your office chair. Sounds 
impossible? Just read on! 

Electronics Workbench is a remarkable 
new software package from Canadian- 
based company, Interactive Image Tech- 
nologies and available here in the U.K. 
from Robinson Marshall. Electronics 
Workbench is available in seven languages 
and has been sold in over 20 countries. 

The software allows you to build and 
test a wide range of analogue and digi- 
tal circuits and it is ideal for designing 
and verifying circuits before you reach for 
the soldering iron or breadboard. In this 
respect, Electronics Workbench is hard to 
beat — you can plug and play to your 
heart’s content without ever having to 
sacrifice a single component. If your circuit 
doesn’t work first time, you can adjust the 
connections and component values until it 
does — without even having to make or 
break a soldered joint. 

If you don’t happen to have a logic 
analyser, scope, function generator or digi- 
tal voltmeter handy, don’t worry — Elec- 
tronics Workbench has them all built in 
and ready for use at the touch of a button. 
Furthermore, the displays provided by the 
on-screen instruments are the same as 
those that you would get on real equip- 
ment. 

As its name implies, Electronics 
Workbench simulates the work area in a 
real electronics lab. The large central 
workspace is like a breadboard, the parts 
bin runs along the right side, and the test 
instruments are stored in a shelf along the 
top. You build and test circuits entirely on 
the workbench using the mouse and 
menus. Everything you need, including a 
virtually limitless supply of reusable 
components of every conceivable type, is 
readily at hand. 


THE SPICE OF LIFE... 


Electronics Workbench has two mod- 
ules, one for analogue circuits and one for 
digital. The modules are separate but simi- 
lar and once you’ve become accustomed to 
one, you will quickly feel at home using the 
other. 


Electronics Workbench is based on in- 
dustry-standard SPICE models for com- 
ponents such as resistors, capacitors, in- 
ductors, diodes and transistors. You have 
complete control over the value of all parts 
in a circuit, as well as overall parameters 
of the models. Parameters are very easily 
changed and you can even develop com- 
ponent models to suit your own individual 
requirements. 

Unlike some simulation packages, Elec- 
tronics Workbench uses circuit diagrams 
rather than abstract netlists — the circuit 
diagrams look just the same as those you re 
already familiar with. With some other 
electronics simulators, you may have to 
type long lists of circuit nodes as text files. 
This is both tedious and error prone. 


IN (AND OUT OFJ 
THE LAB 


Several different types of user will find 
Electronics Workbench invaluable. Stu- 
dents will be able to maximise their lab 
time by designing and testing circuits 
prior to real construction and testing. 


File Edit Circuit Window Help 
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Investigations and assignments can first be 
tested on the computer, thus ensuring that 
real circuits work as expected. Even better, 
students will quickly find the software 
invaluable as a learning aid that allows 
them to build and test circuits without ever 
having to visit the laboratory! 

Electronics Workbench can also be a 
valuable tool when preparing for practical 
exams. The software is also extremely 
handy for “what if’ analysis. For example, 
consider a d.c. coupled multistage transis- 
tor amplifier. What will happen to the 
d.c. conditions and overall a.c. voltage 
gain if the current gain of all of the 
transistors increases by 20 per cent? A 
problem of this type will normally require 
several pages of error-prone calculations. 
Electronic Workbench will tell you what 
will happen in an instant — just by flicking 
the power switch to “on”. 


IN THE CLASSROOM 


The trials and tribulations associated 
with giving classroom demonstrations of 
electronic circuits have to be experienced to 
be believed as breadboarded circuits have a 
happy knack of either not performing 
according to specification or even becom- 
ing totally unstable when you least want 
them to. This is another important applica- 
tion for Electronics Workbench. 


TRIGGER 
Bicoce FIG] © 


_ Fig. 1 Testing a simple multi-stage audio amplifier using Electronic Workbench’s 


oscilloscope 
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Teachers and instructors will find that 
the basic principles of electronics can be 
quickly and easily demonstrated using 
Electronics Workbench. This process can 
be aided using one of several methods for 
displaying PC screen output in a classroom 
situation. Furthermore, trying to illustrate 
the dynamics of electronics using a static 
medium such as a chalkboard, flip chart or 
overhead projector can be difficult. Presen- 
tations can come to life when circuits can 
be put through their paces using Elec- 
tronics Workbench. 

Finally, the software can be useful as 
an aid to teaching electronic fault-finding. 
Faults can be very easily introduced into 
circuits by instructors and students can be 
set the task of locating the faults using the 
test equipment provided. All of this can be 
achieved safely and efficiently without the 
danger and expense associated with fault 
tracing on real circuits. That said, this is 
one area in which simulation must be aug- 
mented with real experience. 


IN THE WORKSHOP 


Troubleshooting real electronic sys- 
tems can often be difficult. Electronics 
Workbench can aid this process in two 
ways. If you have problems getting a real 
circuit to work, you can construct it in 
software, test it, quickly make alterations 
and test it again. If the circuit works on the 
computer but not in real life you probably 
have a faulty part in the circuit. 

Alternatively, to help you pinpoint a 
faulty part in a real circuit, you can 
simulate it in Electronics Workbench, then 
deliberately introduce faults in the circuit 
components, When you find one that gives 
you a set of matching readings, you’ve 
found the problem. 


USER INTERFACE 


Menus and mouse usage conform 

to emerging GUI standards (GUI, 
pronounced “gooey,” means “‘graphic user 
interface”). The simulated instruments add 
realism. At your disposal in the analogue 
version are a digital multimeter, a function 
generator, an oscilloscope, and a “Bode 
plotter’. For digital circuits you have a 
voltmeter, a digital word generator, a logic 
analyser and a “logic converter’. 
_ Everything you need is visible, handy 
and under your control. With other elec- 
tronics simulators you may have to run 
three separate programs: one for building, 
another for simulating, and a third for 
graphing the results. But in Electronics 
Workbench you build and test directly on 
the workbench. You get immediate feed- 
back and can quickly make revisions and 
test again. In fact, the instrument readings 
reflect changes as you make them. 


SUPPORT AND 
GUIDANCE | 


Electronics Workbench comes with a 
range of support materials. Some are 
designed to get you started, some to use as 
a day-to-day reference, and some to help 
you get more out of the software. The 
excellent User’s Guide includes tutorials, 
reference sections and_ troubleshooting 
information whilst the Quick Reference 
Card provides you with essential data for 
building and testing circuits. You can use it 
to get started, or keep it handy as a 
reference. 

Interactive demonstrations (included on 
the disk) give you a quick overview of 
Electronics Workbench and show you how 
to build and test circuits. Sample circuits 
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Fig. 2 Using Electronic Workbench’s “Bode Plotter” to display the frequency 


response of a simple active filter 


(also supplied on the disk) include approxi- 
mately 20 typical analogue and digital cir- 
cuits. You can examine, test and modify 
them or use them as building blocks for 
your own circuits. 

The tutorials included in chapters 3, 4 
and 8 of the User’s Guide are informative 
and worthwhile. They are designed for 
those with varying levels of computing and 
electronics experience, including those who 
may not have used a graphical interface 
before or who may be unfamiliar with 
building and testing electronic circuits. 

Finally, if all else fails and you still have 
a problem that refuses to go away, you can 
contact the User Support “help-line”’. A 
Bulletin Board Service (BBS) is also avail- 
able to provide the latest product informa- 
tion. It also allows users to leave questions 
and can be used as a means of uploading or 
downloading circuits. 


START-UP OPTIONS 


When you start Electronics Workbench 
you have a number of options available 
apart from selecting either the analogue or 
the digital environment. If your computer 
has at least 2MB of RAM, you can make 
the most of the extra memory by running 
Electronics Workbench in “protected’’ 
mode. Note, however, that if your com- 
puter’s extra memory is in the form of an 
expansion card, Electronics Workbench 
may run slowly in protected mode. If so, 
you may prefer to force Electronics 
Workbench to use real mode. 

Another start-up option allows you to 
specify which set of schematic symbols 
(either ANSI or DIN) to use with the 
package. This then becomes the default 
symbol set, used whenever you start Elec- 
tronics Workbench. 


POINT AND SHOOT 


Electronic Workbench has a first class 
context-sensitive help system which, like 
most of today’s GUI software packages, 
can be accessed using pull-down menus 
and windows. Even more useful, however, 
is the ability to move the mouse pointer 
over a component, click the left button (the 
selected component turns red), press F1 
and, hey presto, a window will appear 


telling you about the component. As with 
the main help system, further options can 
be selected by simply clicking on the high- 
lighted keywords. This simple yet elegant 
help system makes the software a joy to 
use and is perfect for the newcomer to 
electronics. 

Having found out about the component, 
you might want to alter its parameters. 
You do this by double clicking the left 
mouse button. When you do this, a small 
window appears which allows you to set 
component values, voltages, frequencies, 
etc, as appropriate to the item concerned. 








SPECIFICATION 


Anidogue module 

e Resistors, capacitors, inductors, 
transformers, diodes, Zener diodes, 
light emitting diodes, bipolar 
junction transistors, bulbs, fuses, 
JFETs, MOSFETs and switches. 

e Ideal and real-world libraries 

e A.C. and d.c. voltage and current 
sources 

e Function generator for square, 

triangular and sinusoidal waves 

Multimeter, ammeter and voltmeter 

Dual-trace oscilloscope 

Bode plotter 

SPICE simulation 

Transient and steady-state analysis 


Ligita module 

@ Simulation of ideal logic 

e@ AND, OR, XOR, NOT, NAND and 
NOR gates 

e RS, JK and D flip-flops, half-adder, 
seven-segment displays and 
voltmeter | . 

@ Binary word generator (16 eight-bit 
words) 

e Eight-channel logic analyser 
(hexadecimal and graphical 

' display) 

e@ Logic conversion (gate, NAND 
gate, truth table and Boolean 
expression representations) 

e Logic simplification 

(Quine-McCluskey method) 
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Fig. 3 Using Electronic Workbench’s “Logic Converter” to check the truth table for 


a simple exclusive-NOR gate arrangement 


GETTING INTO 
PRINT... 


Electronics Workbench excels in one 
more respect — it offers a wide choice of 
printing facilities. Not only can you print 
the current display (exactly as it appears on 
your computer’s screen) but you can also 
print out circuit descriptions, component 
lists, parameters associated with the com- 
ponent models, circuit diagrams, and test 
equipment displays. 

For good measure, _ Electronic 
Workbench also allows you to convert 
your display into a PCX file for loading 
into one of many popular paint, graphics, 
CAD or DTP packages. This excellent 
print service is perfect for students (and 
others) who need to present their findings 
in written reports. Gone are the days of 
sketching waveforms and hand-drawing 
circuit diagrams. . . 


IN USE 


I tested Electronics Workbench with a 
variety of “everyday” circuits. Placing the 
components is easy. Connecting them to- 
gether and aligning them neatly proved 
to be a little more fiddly! In fairness, 
Electronics Workbench does help in this 
process by automatically routing conduc- 
tors with neat right angled bends. The 
package also lets you use the cursor keys to 
move selected components (very handy 
when you need to straighten things up!). 

The circuits were all “up and running” 
within minutes. A simple four-transistor 
amplifier was “built” and checked for both 
d.c. and a.c. conditions (see Fig. 1). A filter 
based on an operational amplifier was put 
through its paces (see Fig. 2) and a simple 
exclusive-NOR gate arrangement (see Fig. 
3) was checked using the digital version of 
Electronics Workbench. All of these cir- 
cuits were assembled and checked in a mat- 
ter of minutes. 


LIMITATIONS AND 
WORK-AROUNDS 


One small limitation of the package is 
that an a.c. circuit can have only one fre- 
quency. If a circuit contains more than one 
a.c. source (for example, a sine wave from 


the function generator as well as some a.c. 
voltage sources from the parts bin), setting 
the frequency of one source changes the 
frequency of all sources. 

When using the software you may, at 
times, have to remember some of the 
limitations of real components such as 
internal resistance and stray capacitance. 
We often ignore these in practical circuits 
but Electronics Workbench requires precise 
models if it is to accurately simulate the 
behaviour of real circuitry. 

As an example, Electronics Workbertch 
cannot simulate batteries and switches in 
parallel since its ideal components have no 
series resistance. In the real world, bat- 
teries and switches sometimes can be put in 
parallel because they contain a small series 
resistance. If you need to simulate batteries 
or switches in parallel, you should add a 
small resistor in series with each one. 
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Finally, an “‘undelete” facility would be 
extremely useful. If you delete a component 
or node by mistake, you can only make 
good by dragging replacement parts from 
the ‘“‘parts bin’”’. 


SUPPLEMENTARY 
TEXTS 


Interactive Image Technologies has 
made two books available that serve to. 
enhance the usefulness of Electronics 
Workbench 

Electronics Workbench Practical Teach- 
ing Ideas (ISBN 0-921862-22-9) is designed 
as an aid for teachers using Electronics 
Workbench. The author, Allan D. Souder, 
Ph.D., shares his classroom experiences of 
using the software at Seneca College in 
Toronto. 

His practical book contains: 

e A teacher’s perspective of the role 
Electronics Workbench can play in | 
the classroom. 

e Ten exercises to illustrate ways of 
teaching with Electronics Workbench. 

e Ready-to-use sample student assign- 
ments. 

e Examples of both group and in- 
dividual student evaluation and test- 
ing techniques. 

Electronics Workbench Practical Teaching 
Ideas comes complete with a floppy disk, 
containing the circuits shown in the book. 
These circuits can be loaded into Electronics 
Workbench and can then be used as’ the 
basis for further experimentation. 

The second book, Electronics Workbench 
150 Circuits (ISBN 0-921862-24-5) con- 
tains 150 of the most frequently-used stan- 
dard circuits. Instead of spending time 
building circuits from scratch, you can 
select from this library of ready made 
circuits and go straight into modifying, 


experimentation and testing. The following 


types of circuit are included: 
e RLC 
e Diodes 
e Transistors 
e Filters 
e@ Operational amplifiers 
e Amplifiers 
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Fig. 4 Using Electronic Workbench’s “Logic Analyser” to display the Timing dia- 
gram for a binary counter based on a 7493 TTL chip. 
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_ The book includes concise printed des- 
criptions, schematics, and suggestions for 
experiments using the circuits provided. 
The circuits are, in fact, a selection of those 
found in most textbooks and laboratory 
manuals. 


SYSTEM 


REQUIREMENTS 
The MS-DOS. version of Electronics 
‘Workbench requires an IBM PC-AT, PS/2 
or true compatible with a 286 or higher 
processor. The system should have a hard 
disk, at least IMB of RAM, a Microsoft 
compatible mouse, EGA or VGA display 
adapter and DOS 3.0 or greater. The 
software supports a maths coprocessor, if 
available. 

The Windows version of Electronics 
Workbench requires a similar hardware 


configuration with MS-DOS 5, or higher, 
and Microsoft Windows 3.1 with a suitable 
pointing device. The Macintosh version 


runs on a Macintosh Plus or higher, 2MB 


RAM, system 6 or 7. 

In order to install Electronics 
Workbench, your hard disk needs at least 
4MB of available space. If your hard disk 
uses the MS-DOS 6.x double-space feature, 
make sure you have at least 6MB of 
available space. You will also need a 
minimum of 550K RAM to run the 
program and thus you may have to modify 
your configuration files (CONFIG.SYS 
and/or AUTOEXEC.BAT) to release more 
base memory. 


IN CONCLUSION 


Electronics Workbench can be very 
highly recommended. As an educational 


tool it is hard to beat. Indeed, if you will 
pardon. the pun, it really is in a class of its 
own. 

The package has been priced for the 
educational market and thus is probably 
out of the price range of many hobbyist 
working on a tight budget. This is unfor- 
tunate as the package is very effective as an 
individual learning aid and perhaps Inter- 
active Image Technologies might consider 
a cut-down version for the enthusiast. - 

Electronics Workbench costs £199. Elee- 
tronics Workbench: 150 Circuits costs 
£24.95 and Electronics Workbench: Practi- 
cal Teaching Ideas costs £19.95. 

Robinson Marshall (Europe) can be 
contacted at Dept EPE, Nadella Buildings, 
Progress Close, Leafric Business Park, 
Coventry CV3 2TF. Telephone 0203 
233216. Fax 0203 233210. 


Callus now! We have the widest range of 
components available - At competitive prices! 


CAPACITORS VIDEO HEADS 


CRICKLEWOOD 


os 


Bb toa ey 


a> PN 


Cooke International 


SUPPLIER OF QUALITY USED TEST INSTRUMENTS 
ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS, 
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE 
ORIGINAL SERVICE MANUALS FOR SALE 
COPY SERVICE ALSO AVAILABLE 


EXPORT, TRADE AND U.K. ENQUIRIES WELCOME 
SEND LARGES.A.E. (50p POSTAGE) FOR LISTS OF EQUIPMENT & MANUALS 
ALL PRICES EXCLUDE VAT AND CARRIAGE 
DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED 


REPAIRS & CALIBRATION UNDERTAKEN 
OPEN MONDAY TO FRIDAY 9AM-5PM 
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis, 
West Sussex, PO22 0OEB 
Tel (+ 44) 0243 545111/2 Fax (+ 44) 0243 542457 
HIGH END EQUIPMENT PURCHASED 


4 SIMMS from £24.99 


Convert redundant, or reclaimed, DIL (Dual In Line) DRAM into 
modern 30 Pin SIMMs suitable for most PC motherboards. Kit 
includes plated through PCB and filter capacitors. Requires 
idee of your memory modules to complete. 


256K 3 Chip, requires 2 off 256Kx4,1 off 256Kx1 £6.95, £24.99 for 4 















1M 3 Chip, requires 2 off 1Mx4, 1 off 1Mx1 £8.95, £31.50 for 4 
256K 9 Chip, requires 9 off 256Kx1 (1.5"x3.5") £6.95, £24.99 for 4 
1M 9 Chip, requires 9 off 1Mx1 (1.5"x3.5") £8.95, £31.50 for 4 






Prices exclude Postage and Packing (£1.50) and VAT 


SUSSEX COMPUTER SUPPLIES 


PO Box 283 
Haywards Heath 

Sussex 
RH17 5FT 








Call 0444 415136 
Fax 0444 440467 
or send SAE for more details. 








288 





| 9 Lower Birchwood, Somercotes, Derbyshire DE55 4NG 


ne 


SPEAKERS 


Cricklewood Electronics Ltd, 40 Cricklewood Broadway. London NW2 3FT. 
Faxsimile:081 208 1441 


ae = 


All Major Credit Cards Accepted 






SHERWOOD ELECTRONICS 






£1 Special Packs — choose 1 pack FREE for every 10 purchased 






SP1 15 x 5mm Red Leds SP103 15 x 14 pin DIL sockets 
SP2 15 x 5mm Green Leds SP104 15 x 16 pin DIL sockets 
SP3 12 x 5mm Yellow Leds SP112 5 x Cmos 4093 

SP6 15 x 3mm Red Leds SP113 12 x 1N5400 diodes 






SP7 12 x 3mm Green Leds SP118 2 x Cmos 4047 

SP10 100 x 1N4148 diodes SP130 100 x Mixed 0.5W G-F. resistors 
SP11 30 x 1N4001 diodes SP133 20 x 1N4004 diodes 

SP18 20 x BC182 transistors SP135 6x Min. slide switches 











SP23 20 x BC549 transistors SP136 10 x OA90 diodes 
SP25 5 x 555 timers SP138 20 x 2.2/50V radial elect caps 
SP26 5 x 741 Op-amps SP142 2x Cmos 4017 





SP36 =25_ x 10/25V radial elect caps SP145 3 x TIP32A transistors 
SP37 15 x 100/35V radial elect caps SP146 _ 10 x 2N3704 transistors 
SP42 200 x Mixed0.25W C.F. resistors SP151 4 x 8mm Red Leds 
SP47 5 x Min. push button switches SP157. 5 x BCY70 transistors 
SP102 20 x 8 pin DIL sockets SP164 2 x C106D thyristors 














RESISTOR PACKS — 0.25W C.Film 
RP3 5 each value — total 365 £2.75 
RP7 10 each value — total 730 £4.15 
RP10 = 1000 popular values £5.60 






Catalogue available £1 or FREE 
with first order over £5 





















Cheques or P.O. to NO VAT Please add £1.25 P&P to all orders 


SHERWOOD ELECTRONICS 











CAMBRIDGE COMPUTER SCIENCE LIMITED 
LCD VOUR EG ccsissonisiscicin deisponninineaisinoinveenseslooniset 16 char by 1: £4.00, 20 char by 2: £6.00, 40 char by 1 cock 








800 RN Ae Sic cone esses ese sadness iets db a earn tence cate oa £2.50 each 
Z80A CPU, FNP ecco asta ctf etensyaes tac csluntiens Sinisa £1.20each; DMA £2.00: £4.50 all 4 
7ALS TTL pick and MIX, DUY 10 OF MOTE FOP oooiiivvcoccccccccccce iii £0.12 each 
Types available: ‘00 ‘02 ‘04 08 '10'11'12'13 '14'15 '20 '21 '26 '27 '30'32'33 '37 '38'42'74'83 ‘85 '86 96 
‘107 109 122125 '132 136 138 '139'145 151 153 157 158 160 162 163 164165 174 ‘191 193 '240 
ee '353 365 366 '373 ‘385 '390 399 670 682 











27128 EPROMS....csnnses Bee et na £2.50 each 16, 18 & 20 pin il low profile IC sockets 0.3” 

27C256 EPROMS (Ex Equipment)............ EVMO EACH — WIE... essen See .40/10; £3.00/100 
BELO EP RONG wien iniinuiscsmviniaianter £2.60each 22 & 24 pin dil low profile IC sockets 0.4" wide 

27 C256-25 EPROMS...nrenissststsinsssesn SSID OR ne enseneemyrsnrsinjenen .40/10; £3.00/100 
256K DRAM (EX EQUIPMENED...... sce £0.40 each 

6116 2K Byte SRAM... ensure, EDAD OR WCE nveiinimntebo 00 









beeen neNeReRPORO DEN ASINDOD OD ERROR HOES EON ENSIEDED ERY SEB EY 









Prices include 
All items new unless stated. Add 1 


Dept EE, 
Tel: 0223 424602, 


pit . Add £1 (plus VAT) to orders below £5.00 
.5% VAT to all prices. Send an SAE for our latest list or for more info. 


374 Milton Road, Cambridge 1SU 
0831 430496 or 0831 430552 (Mall order only) 
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Design and Verify Circurts. Fast. 
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Analog Module includes: 

¢ complete control over all component values 

¢ ideal and real-world models for active 
components 

¢ resistors, Capacitors, inductors, transformers, 
relays, diodes, Zener diodes, LEDs, BJTs, 
opamps, bulbs, fuses, JFETs, and MOSFETs 

¢ manual, time-delay, voltage-controlled and 
current-controlled switches 

¢ independent, voltage-controlled and current- 
controlled sources 

e multimeter 

¢ function generator (1 Hz to 1 GHz) 

¢ dual-trace oscilloscope (1 Hz to 1 GHz) 

¢ Bode plotter (1 mHz to 10 GHz) 

¢ SPICE simulation of transient and steady-state 
response 
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Digital Module includes: 


¢ fast simulation of ideal components 

e AND, OR, XOR, NOT, NAND and NOR gates 

¢ RS, JK and D flip-flops 

¢ LED probes, half-adders, switches and seven- 
segment displays 

¢ word generator (16 eight-bit words) 

¢ logic analyzer (eight-channel) 

¢ logic converter (converts among gates, truth 
table and Boolean representations) 
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Electronics Workbench 


Version 3 


Complement Your Test Bench 


Here’s why Electronics Workbench belongs on your test bench: 
Wires route themselves. Connections are always perfect. And the 
simulated components and test instruments work just like the real 
thing. The instruments are indestructible and the parts bin holds 
an unlimited supply of each component. The result: thousands of 
electronics professionals and hobbyists save precious time and 
money. Over 90% would recommend it to their friends and 
colleagues. Electronics Workbench: the ideal, affordable tool to 
design and verify your analog and digital circuits before you 
breadboard. 


And now the best is even better - Electronics Workbench 
Version 3.0 is here. It simulates more and bigger circuits, and 
sets the standard for ease of use. Guaranteed! 


NE Features in Version3 — ~ gectronics 
- iy 

¢*new components include JFETs, MOSFFTs, i Workbench 

voltage-controlled and current-controlled sources war 

and manual, time-delay, voltage-controlled and 

current-controlled switches 

e real-world models for opamps, BJTs, JFETs, 

MOSFETs and diodes - over 100 models available 

¢ MS-DOS version now supports up to 16 MB of 

RAM for simulation of bigger circuits 

enew Microsoft” Windows™ version available 

¢ technical support now also available on 

CompuServe — 


a 





Just £199! 
Electronics Workbench’ 


The electronics lab in a computer™ 


Call: (0203) 233216 = 


ROBINSON MARSHALL (EUROPE) LTD. 
Nadella Buildings, Progress Close, Leafric Business Park, Coventry CV3 2TF 
Fax: (0203) 233210 


* 30-day money-back guarantee. SS : ve, 
Shipping charges — UK £4.99. All prices are plus V.A.T. . - 
All trademarks are the property of their respective owners. INTERACTIVE 











WHETHER ELECTRONICS IS YOUR HOBBY 


OR YOUR LIVELIHOOD... 











_— The essential 
reference Work 


e Easy-to-use format 





e Clear and simple layout 
e Regular Supplements 


e Sturdy ring-binder 


“a \ its . en | : e News of latest developments 











e Full components checklist 


SE 


e Extensive data tables 


e Detailed supply information 









_ @ Ready-to-transfer PCBs 


ASE 


—EVERYT LH ' Ni G Y O N E E D T O e Comprehensive subject range 


e Detailed assembly instructions 


KN OW ABOUT E LE CTR ON 4 CS! e Professionally written 








The Base Manual contains information on the DATA: Diodes, transistors, thyristors and 
following subjects: triacs, digital and linear i.c.s, microprocessors. 
BASIC PRINCIPLES: Symbols, components The Manual also covers Safety, Specialist 

and their characteristics, passive component Vocabulary with Abbreviations and Suppliers. 
circuits, power supplies, acoustics and OVER 1,000 pages, with over 900 diagrams and 
electroacoustics, the workshop, principles of photographs, A4 looseleaf format weighing over 
metrology, measuring instruments, digital 3.5kg. 

electronics, operational amplifiers, timers, ALL-IN-ONE AND EASY-TO-USE: A sturdy 
physics for electronics. ring-binder allows you to use the Manual on your 
CIRCUITS TO BUILD: Construction techniques, workbench. The looseleaf format also means you 
radio, telephony, microcomputing, measuring can slot in the regular supplements as they arrive 
instruments, vehicle electronics, security, —so all your information is there at a glance. 
audio, power supplies, electronic music (over EXTENSIVE GLOSSARY: Should you come 

25 different projects). across a technical word, phrase or abbreviation 
REPAIRS AND MAINTENANCE: Basic circuit you're not familiar with — simply turn to the 
operation for radio, television, audio/hi-fi, glossary included in the Manual and you'll find a 
telephones. comprehensive definition in plain English. 
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REGULAR SUPPLEMENTS 


Unlike a book or encyclopedia, the 
Manual is a living work — 
continuously extended with new 
material. Recent or upcoming 
supplements include radio, 
superconductors, electric motors, 
basic electroric building blocks for 
beginners which can be joined 
together to construct elaborate 
circuits, filters, IBM PC and 
compatibles (including 
updating/expanding PCs). 
Supplements are sent to you 
approximately every two months. 
Each supplement contains approxi- 
mately 160 pages — all for only £23.50 
+ £2.50 p&p. You can of course 
return any supplement which you feel 
is superfluous to your needs. 


RESPONDING TO 
YOUR NEEDS 


We are able to provide you with the 
most important and popular, up to the 
minute, articles in our supplements. 
Our unique system is based on readers 
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baby alarms — plus — many more 
popular devices. 


requests for new information. Through 
this service you are able to let us know 
exactly what information you require in 
your Manual. You can also contact the 
editor directly in writing if you havea 
specific technical request or query 
relating to the Manual. 


ASSEMBLING ... 


There’s nothing to beat the 
satisfaction of creating your 
own project. From basic 
principles to circuit-building, 
the Manual describes clearly, 
with appropriate diagrams, 
how to assemble radios, 
loudspeakers, amplifiers, car 
projects, measuring 
instruments etc. 

The revised edition of The 
Modern Electronics Manual 
contains practical, 
easy-to-follow instructions for 
building a wide range of 
projects. It shows you how to 
make fun gadgets such as a 
remote control door opener 
and a digital rev. counter for 
your car. It also tells you how 
to construct useful devices 
like test gear, security and 















































Now contains over 1,000 pages of information. 
Approximately 160-page supplements of additional information which are forwarded to 
you immediately on publication. These are billed separately and can be discontinued at any time. 


Durable looseleaf system in large A4 format (297mm x 210mm) 
£39.95 +£5.50 p&p (to include a recent supplement free). 


send me on 10 days free approval (offer ends June Ist 21 












1994) THE MODERN ELECTRONICS MANUAL. It Simply complete and return the order form to the 
decide to keep the Manual, | shall then pay only £39.95 following address: 


plus £5.50 postage and packing at the end of the 10 days approval period. (Should |\yjmborne Publishing Ltd, 6 Church Street 
| decide not to buy the Manual | will return it to you and not owe you anything.) | Wimborne Dorset BH21 1JH 

shall also receive the appropriate supplements several times a year. These are billed uals c ue anineeaial mau te. 
separately and can be discontinued at any time. 7 


PLEASE NOTE: 
, 10 DAY FREE APPROVAL OFFER EXPIRES ON JUNE 1st 1994. 





Fe WU IIIS ce ccscec ca venc er tees deste ccna cence step cal ccectnner reste eahg ne eneteeharmete ta ) day free approval offer ends 1st Jun 4 
| (PLEASE PRINT) 
OVERSEAS ORDERS: All overseas orders must be 


prepaid but are supplied under a money-back guarantee of 

satisfaction. If you are not entirely happy with the Manual return it 

within a month for a refund of the purchase price (you do have to 

pay eas postage). SEND £39.95 PLUS THE POSTAGE SHOWN 
L : 






5 ISTE ARPES once csc ce op etcernen oe take cen sce otaps sedan mene feo teece Acute eee tae ine egens 


sicva.eib oiece'e W bie bib: 6 die aieln OAc ieih 8 w/eeieia:S 5iu:nls Sine e,e 00. N 08.0 Celea.t hae oiaidiaddH eia8 6:6 46d 6:8 /8'e inc eicieieisieeie en's aibe.cievia.ee le asaisin's anitini te Sime neneenezeneoeemeee 


EIRE AIR MAIL ONLY £11 
once col lps cate cco oat te papas regenera POSTCODE vvcssssssssassctesessiesseessaneccee | EUROPE (E.E.C. Countries} AIR MAIL ONLY £20 
EUROPE (non E.E.C.} SURFACE MAIL £20, AIR MAIL £26 


U.S.A. & CANADA SURFACE MAIL £25, AIRMAIL £32 
FAR EAST & AUSTRALIA SURFACE MAIL £31, AIRMAIL £33 
TelePhOmne NO%......scssseecssecsseesseecsnecenseeneeennersessessesesssensecanecsnecnsecnsscnseeesnseneseesensanenntasens REST OF WORLD SURFACE MAIL £25, AIRMAIL £44 


Note surface mail can take over 10 weeks to some parts of the 


1AM OVER 18 world. Each manual weighs about 4:5kg when packed. 





SIGSINA TURE sicssccdecisecsrecnsciastacevacatsvedeutescicenadnonconsiasenssnabasaienyunaeetdns saadatantauntaconsbacianennetir’ 
(Parent or guardian must sign if under 18) 
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All payments must be made in £’s Sterling payable to Wimborne 
Publishing Ltd. We accept Mastercard (Access) and Visa credit cards. 
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VIDEOS ON ELECTRONICS 


A range of videos designed to provide instruction on electronics theory. Each video gives a sound introduction and ground- 
ing in a specialised area of the subject. The tapes make learning both easier and more enjoyable than pure textbook or 
magazine study. They should prove particularly useful in schools, colleges, training departments and electronics clubs as 












well as to general hobbyists and those following distance learning courses etc. 


VT201 to VI206 is a basic electronics course and is designed to 
be used as a complete series, if required. 


VT201 54 minutes. Part one; D.C. Circuits. This video is an absolute 
must for the beginner. Series circuits, parallel circuits, Ohms law, how to 
use the digital multimeter and much more. Order Code VT201 


VT202 62 minutes. Part two; A.C. Circuits. This is your next step in 
understanding the basics of electronics. You will learn about how coils, 
transformers, capacitors, etc are used in common circuits. 


Order Code VT202 


VT203 57 minutes. Part three; Semiconductors. Gives you an exciting 
look into the world of semiconductors. With basic semiconductor theory. 
Plus 15 different semiconductor devices explained. Order Code VT203 


VT204 56 minutes. Part four; Power Supplies. Guides you step by step 
through different sections of a power supply. Order Code VT204 


VT205 57 minutes. Part five; Amplifiers. Shows you how amplifiers work 
as you have never seen them before. Class A, class B, class C, op.amps. 
etc. Order Code VT205 


VT206 56 minutes. Part six; Oscillators. Oscillators are found in both 
linear and digital circuits. Gives a good basic background in oscillator 
circuits. Order Code VT206 


By the time you have completed VT206 you have completed the basic 
electronics course and should have a good understanding of the opera- 
tion of basic circuit elements. 


VCR MAINTENANCE 


VT102 84 minutes: Introduction to VCR Repair. Warning, not for the 
beginner. Through the use of block diagrams this video will take you 
through the various circuits found in the VHS system. You will follow 
the signal from the input to the audio/video heads then from the 


heads back to the output. Order Code VT102 
VT103 35 minutes: A step-by-step easy to follow procedure for profes- 
sionally cleaning the tape path and replacing many of the belts in 
most VHS VCR’s. The viewer will also become familiar with the 
various parts found in the tape path. Order Code VT103 





Now for the digital series of six videos. This series is designed 
to provide a good grounding in computer technology. 


VT301 56 minutes. Digital One begins with the basics as you learn about 
seven of the most common gates which are used in almost every digital 
circuit, plus Binary notation. Order Code VT301 


VT302 55 minutes. Digital Two will further enhance your knowledge of 
digital basics. You will learn about Octal and Hexadecimal notation 
groups, flip-flops, counters, etc. Order Code V1I302 


VT303 56 minutes. Digital Three is your next step in obtaining a solid 
understanding of the basic circuits found in todays digital design. Gets 
into multiplexers, registers, display devices, etc. | Order Code VI303 


VT304 57 minutes. Digital Four shows you how the computer is able to 
communicate with the real world. You will learn about digital to analogue 
and analogue to digital converter circuits. Order Code V1T304 


VT305 56 minutes. Digital Five introduces you to the technology used in 
many of todays memory devices. You will learn all about ROM devices 
and then proceed into PROM, EPROM, EEPROM, SRAM, DRAM, and 
MBM devices. Order Code VT305 


VT306 56 minutes. Digital Six gives you a thorough understanding in the 
basics of the central processing unit and the input/output circuits used to 
make the system work. Order Code VT306 


By now you should have a good understanding of computer technology and 
what makes computers work. This series is also invaluable to the computer 
technician to understand the basics and thus aid troubleshooting. 


GXA0 VT401 61 minutes. A.M. Radio Theory. The most complete video 
ever produced on a.m. radio. Begins with the basics of a.m. transmission 
and proceeds to the five major stages of a.m. reception. Learn how the 


signal is detected, converted and reproduced. Also covers the Motorola C- 
QUAM a.m. stereo system. Order Code VT401 


Each video uses a mixture of animated current flow in circuits plus 
text, plus cartoon instruction etc., and a very full commentary to get 


the points across. The tapes are imported by us and originate from 
VCR Educational Products Co, an American supplier. 
(All videos are to the UK PAL standard on VHS tapes) 





ORDERING: Add £1 p&p per order for UK orders. OVERSEAS ORDERS: Add £2 postage for countries in the EEC. 
Overseas orders outside the EEC countries send £24.44 per tape (price less VAT) plus £3 per tape airmail postage (or 


£3 per order surface mail postage). All payments in £ sterling only (send cheque or money order drawn on a UK bank. 
Visa and Mastercard orders accepted — pleae give card number, card expiry date and cardholders address if different to the delivery address. 


Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW (Mail Order Only) 
Direct Book Service is a division of Wimborne ———— 
Publishing Ltd., publishers of Everyday with Practical : : 





Electronics. Tel: 0202 881749. Fax: 0202 841692 
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This is our two-way column which endeavours to enlighten readers who may have 


a particular problem in electronics. 


A wide variety of requests comes our way 


every month, so if you think you have a query or suggestion which might be of 
interest to your fellow readers, then why not drop Alan a line at Circuit Surgery. 


VARIETY of queries is received with 
A every postbag and although I can- 
not promise to respond to each in- 
dividual enquiry, I read every letter and 
any particularly appealing ideas are fea- 
tured in Circuit Surgery. 1 hope I will at 
least manage to stimulate further ideas 
and point readers in the right direction. 
If you are involved in teaching elec- 
tronics, see the news at the end of the 
column. 

As regular readers probably know, | 
try to handle certain topics in reasonable 
depth — which is sometimes at the 
expense of those “quickie” letters for 
which a brief reply is fine. So now I 
want to hear from readers who might 
have any brief tips and ideas, perhaps 
discovered when building their latest 
project. I will try to feature all the best 
ideas in a future round-up of these quick 
one-offs. So if you’ve a great idea or hot 
tip to pass on, drop me a line! 


Predictable Pulses 


From Mr. Paul Spencer of Barkham, 
Wokingham comes a query concerning 
astable and monostable multivibrators 
assembled from logic gates. 

What are the formulae for calculating 
pulse widths and frequencies when deal- 
ing with monostables and astables based 
around logic gates? Being a hoarder of the 
last 10 years of Everyday Electronics, / 
can say with fair certainty that this infor- 
mation has not appeared before. There 
must be a way of accurately predicting the 
times involved? 

Firstly, a brief word of explanation 
’ concerning astables and monostables, 
for those who aren’t too familiar. The 
word “stable” gives us a clue: a mono- 
stable (or ‘“‘one shot”) is a circuit which 
has one stable state. It generates a single 
pulse only (from microseconds to hours 
or longer if needed) when triggered and 
then returns to its steady, stable condi- 
tion, when it snoozes until another trig- 
ger pulse comes along. 

An astable actually has no stable state, 
so it generates a continuous stream of 
pulses. You might also come across a 
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bistable (called a “flip-flop” in digital 
electronics) which as you would expect 
has two stable states — it changes over 
from one to the other every time a 
suitable triggering signal is received. It 
thus acts as a “memory” though there’s 
no timing element involved. 
Traditionally these pulse-generating 
circuits were assembled from transistor 
switches, or “multivibrators”. With the 
advent of i.c. technology you have a 
wider choice of pulse generation tech- 
niques: for instance you could use a 
purpose-built integrated circuit such as 
the immortal 555 timer chip (or the 
ZN1034E or UA2240), or if you have a 
bountiful supply of spare logic gates, 
these can be assembled to form an 
astable or monostable pulse generator. 
Logic families also include several spe- 
cial multivibrator chips, such as the 4047 
CMOS device which can be configured 
directly as either an astable or a 
monostable, within certain limits. 


Unpredictable 

Although simple and convenient, the 
problem with assembling multivibrators 
from logic gates is the fact that there is 
an element of unpredictability about 
them. This is principally due to the 
tolerances on the components used, plus 
the variations in logic threshold. levels 
between individual logic gates. 

Several sources state that monostables 
fabricated from individual gates should 
be avoided like the plague! Wherever 
possible, it’s best to opt for a purpose- 
made chip instead for more consistent 
and predictable results. 

Let’s look at those formulae. Fig. 1 
shows a monostable circuit which is 
constructed from a couple of NOR gates 
such as those contained in a CMOS 
4001B; 74 series TTL (e.g. the 7402) 
could be used in a similar fashion. [Cla 
is used to detect a trigger signal (logic | 
will start the timing period) whilst IC1b 
is configured as an inverter. The formula 
you want for the timing period ¢ is based 
on the exponential charging curve ob- 
served when the capacitor charges to a 





logic “1” level, once the circuit starts 
timing: it boils down to ¢ = 0-7R.C 
where t is in seconds, R is in ohms and C 
is in farads. The formula isn’t 100 per 
cent accurate but is near enough for 
practical use. A 220nF capacitor with a 
22k resistor generated a delay of just 
over three seconds in a quick test. 


Problems 

There are several potential problems; 
the actual timing period depends on the 
tolerance of the RC network — which if 
an electrolytic is used for C implies 
that the tolerance will be very wide 
indeed. Leakage current through CC, 
electrolytic, will also contribute to inac- 
curacies. So straight away we could be 
looking at an accuracy of say 50 per cent 
or worse. 

The gate trigger voltage (i.e. what input 
voltage IC1b deems to be a logic 1) deter- 
mines the level which C needs to charge 
up to in order to make the monostable 
switch over. Typically this is half the sup- 
ply voltage but any discrepancies between 
individual gates means that the threshold 
voltage may differ, so you may not ob- 
serve consistent results between individual 
circuit samples. 

As if that isn’t enough, for fairly 
complex reasons this arrangement suf- 
fers from a significant over-voltage spike 
at pins 5/6 which is generated when the 


+3V TO +15Vd.c. 


Fig. 1. Simple monostable using 
CMOS NOR gates. 

















monostable “times out’. If the gate is 
operating at the maximum permissible 
supply voltage (say 15V to 18V) then 
the spike could exceed these maximum 
ratings. You won’t observe this spike 
with an oscilloscope because it should be 
shunted by internal diodes within a 
CMOS NOR gate to prevent damage — 
hopefully! 

Furthermore, many CMOS logic chips 
dislike operating at intermediate logic 
levels — somewhere between Logic 0 and 
Logic 1 — which may be the case when 
_ the timing capacitor is in the process of 
charging up. Operating in “no man’s 
land” causes the chip to operate in a 
linear mode which may cause excessive 
power dissipation in extreme cases. 

Having said all that, there’s no reason 
why gates can’t be used in less demand- 
ing applications. The chances are that 
you can use logic gate multivibrators 
satisfactorily in many projects, but don’t 
expect perfect accuracy or repeatability. 

Where accuracy is needed, consider 
using a custom multivibrator chip such 
as the 555 instead. This has its threshold 
voltages set by an internal potential 
divider at 1/3 and 2/3 the supply voltage, 
so it’s largely independent of the supply 
rail and is probably more dependable 
than relying on the triggering level of an 
individual logic gate. 

You will still suffer from inaccuracies 
created by the poor tolerances on some 
components (electrolytics). So if you 
want to generate a really long monos- 
table timing period, build a sub-sys- 
tem which incorporates a presettable 
counter. The counter will time out after 
a predetermined number of pulses has 
been generated — the ZN1034E timer i.c. 
works in this way and could time for 
years if you wanted — and is a whole lot 
more accurate. 


Astable 

Astable multivibrators can be con- 
structed from logic gates too, such as 
that shown using two NOR gates in Fig. 
2a, though for the same reasons as 
above, a separate multivibrator chip is 
preferable. Both gates are wired as in- 
verters, so you could use separate in- 
verters instead. 

Again there are problems with exces- 
sive voltage peaks, this time appearing at 
the inputs to ICla. The spikes should be 
shunted by the gate’s internal protective 
diode network. Also note that a saw- 
tooth is generated across the timing 
capacitor such that the voltage across C 





Fig. 2a. An astable multivibrator con- 
structed with CMOS NOR gates. 
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reverses every period; thus you cannot 
use a tantalum or electrolytic capacitor 
in this application as they are of course 
polarity-conscious. 

The output of the astable is in theory a 
perfect square wave though this again 
depends on the characteristics of in- 
dividual gates. The frequency of opera- 
tion f is, as usual, equal to 1/t where t is 
the period of one complete cycle. The 
formula resolves to f = 0-7/RC which 
is probably accurate enough for most 
needs. Fig. 2b shows how you could vary 
the mark-to-space ratio of the output 
waveform using a diode network with a 
preset resistor or potential divider. 


Over-elaborate 
Mr. Mike Howell from South Africa 
set me thinking again about a very 


popular topic amongst Circuit Surgery - 


readers: battery back-up systems. Recall 
that we checked out the ICL8211/ 8212 
back-up chips in detail in earlier issues of 
Circuit Surgery. Mr Howell asks: 

I made the battery-operated car False 
Alarm (EE February 1990) which 
operates from four 1:5V batteries. I want 
to operate this “‘sentinel’’ from the 230V 
a.c. mains via a 6V d.c. power pack, and 
incorporate the batteries only as a 
back-up feature for mains failure. I’ve 
seen very simple diode arrangements for 
switching on the battery back-up, but I’ve 
also seen circuits controlled by i.c.’s such 
as the ICL7673. If simple diode networks 
are satisfactory (and cheaper/easier) then 
what advantage is there in using a more 
complex circuit with an i.c.? Are such 
circuits only required for serious 
applications like computers etc.? 

You are quite right when you consider 
the application of an ICL 7673 i.c. (or 
similar device) it is really intended for 
more sophisticated applications such as 
computer memory backup, where it may 
be important that a continuous supply 
voltage is maintained. Such equipment 
might incorporate 3V d.c. logic for ex- 
ample so obviously the design of the 
back-up power system becomes more 
demanding. 

Battery back-up chips or ‘“‘power su- 
pervisory i.c.s” are often customisable in 
use and are also very accurate. For 
instance, with the 8211 it’s possible to 
determine very precisely the point when 
the back-up battery should be intro- 
duced, and also the chips themselves are 
designed to draw a minimal current so 
they don’t drain the back-up battery 
unduly. 


R1 


MARK:SPACE 
VR1 RATIO 


: Ms ° 


Fig. 2b. Diode network to control 
mark to space ratio. Replaces R in 


Fig 2a. 


In less critical circuits it’s perfectly 
acceptable to use a back-up formed from 
an ordinary dry cell battery in a diode 
network. You probably had in mind 
something like Fig. 3. 

Whichever battery voltage is higher is 
the one which will power the load, so 
when the primary source (e.g. the mains 
power supply) falls below the secondary 
back-up, then the back-up will take over. 
The diodes D1 and D2 are necessary to 
prevent the lower-voltage source shunt- 
ing the other supply. 





Fig. 3. Simple battery back-up circuit. 
Primary power source is a mains to 6V 
d.c. power pack. 


Even better perhaps, a_nickel-cad- 
mium (NiCad) battery which is trickle- 
charged through resistor R1 in paral- 
lel with the diode D2, will provide 
a maintenance-free back-up for your 


_ project. (A typical trickle current is C/10, 


where C is the ampere-hour capacity of 
the NiCad. A lower rate such as C/50 is 
kinder to the NiCad though.) Obviously 
it’s necessary that the primary source is 
higher than the secondary back-up 
voltage to provide a trickle current, so 
RI is calculated as the required voltage 
drop across it divided by the desired 
trickle charge current. 

Although very simple, the diode net- 
work is less precise than a purpose-made 
1.c. and it also causes an “insertion loss” 
of 0:-6V (diode forward voltage) when 
either the main source or the back-up 
battery is operating. Otherwise the diode 
network is perfectly adequate for more 
straightforward needs. 


Power Supervisor 

The circuit of Fig. 4 shows how a 
Harris ICL7673 automatic battery back- 
up switch i.c. can be used with a 
rechargeable nickel-cadmium battery to 
make a completely maintenance-free 
arrangement. The advantage over the 
diode network is that there is minimal 
insertion loss when the battery takes 
over, tiny leakage between the two 
supplies and high sensitivity; a difference 
as low as 50mV between supplies causes 
a changeover. 

It will drive modest loads directly. Also, 
by omitting the diode-resistor pair com- 
pletely and you can use an ordinary dry 
cell battery in place of a NiCad for B1. 

The ICL7673 you mentioned has two 
inputs — the primary supply (pin 8) and 
the secondary back-up supply (pin 2). The 
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Fig. 4. Application circuit diagram 


(courtesy Harris). 


chip monitors both voltages and will 
connect whichever voltage is the highest, 
to its output pin (pin 1). The chip can 
directly drive a low power load from pin 
1, in the low tens of milliamps con- 
tinuously. It has a tiny quiescent cur- 












MOSFET Mkll Variable Bench 
Power Supply 

The original MOSFET Variable Bench 
Power Supply was one of our most popular 
projects when it was first published many 
years ago and this new updated version 
should appeal to all serious experimenters 
and educational establishments. 

The ‘‘mark two” version preserves all the 
previous features plus a switching pre- 
regulator for much higher efficiency, and 
you do not need a “massive” heatsink. 
Panel meters indicate volts and amps and 
the unit is fully variable down to ‘‘zero”. 

Only the specified toriodal transformer 
and MOSFET may be hard to come by. But 
this is easily overcome by purchasing the 
complete kit from Magenta Electronics 
(q@ 0283 65435). The kit contains all 
parts, including a ready punched case and 
replacement meter scale cards, and is priced 
at £64.95 plus a £3 carriage and packing 
charge. 

Magenta Electronics, Dept EPE, 
135 Hunter Street, Burton-onTrent, 
Staffs, DE14 2ST. Quote kit code 845. 

The printed circuit board is available from 
the EPE PCB Service, code 869. 


CCD TV Camera/Frame Grab 

Obviously, with a project like the CCD 
TV Camera and the companion Frame Grab 
card, some components are ‘‘specials” and 
may not be available generally. As the ar- 
ticle explained two versions of the Philips 
image sensor chip (used in the camera) are 
available and this is reflected in the price of 
the camera. Also, some of the Frame Grab 
i.c.s work out fairly expensive. 

A kit of all electronic components for the 
camera including hardware, but excluding 
cables, p.c.b.s and sensor chip, is available 
from the author for the sum of £77. The 
image sensor is only available as a separate 
item in two versions: sub-spec FT800P (as 
used by the author) for the sum of £25 and 
a “full-spec” version of the FT800P will 
cost £97. 

Also available from the author is a com- 
plete kit of electronic components, but ex- 
cluding the printed circuit board, for the 





using the 
ICL7673 automatic battery back-up switch t.c. 








rent of only 1-5yA so it won't 
drain the back-up battery in any 
way. There are two “status in- 
dicator’” outputs (not shown) 
which sink up to 50mA each if 
used. Pin 6 (P BAR) sinks cur- 
rent when the primary supply is 
in use, and pin 3 (S BAR) sinks 
current when the secondary bat- 
tery is working instead. These 
can be used to drive external pnp 
transistors so that the 7673 can 
control heavier loads and act as 
a high current back-up system — 
a technique I hope to cover in 
the not too distant future. 


Education Service 

If you are involved with the 
teaching of GCSE or GCE “A” 
Level Electronics (or a similar 
syllabus) then as part of our service to 
support education, Circuit Surgery will 
be happy to lend a hand! The various 
Syllabuses aren’t all as helpful as they 
could be (as I found out after I re- 
searched each and every one of them 


with David Barrington 





Frame Grab card. This kit is priced at £67 
inclusive. 

The author has also written a control 
program in 8086 assembler and GW- Basic 
which took up too much space to be 
included in the article. However, he will be 
happy to supply a disc copy for £15 all 
inclusive. John Becker, Dept. EPE, 8 
Finucane Drive, Orpington, Kent, BR5 
4ED. (Mail order only). 

It was decided that with a project of this 
quality and nature, that for the most 
consistent results we should make the 
Control printed circuit board, and the 
Frame Grab board, a ‘‘plated-through- 
hole’’ double-sided job. The Control board 
is available from the FPE PCB Service, code 
865 and code 867 for the Frame Grab p.c.b. 
The video boards and test and extension 
plug boards have been combined to save 
costs and are available as code 866 and is a 
single-sided board (see page 327). 

The camera lens will have to come from 
an old discarded camera (see article) or 
purchased from a photographic store. 


SounDAC PC Sound Board 

Having priced up all the individual com- 
ponents required to build the SounDAC PC 
Sound Board we came to what we con- 
sidered a fairly reasonable figure, without 
the software disc. However, we find that 
we cannot beat the cost of a complete kit 
from Greenweld Electronics (@ 0703 
236363). 

We understand that the kit contains the 
printed circuit board, the software programs 
and a preset and rotary potentiometer and 
costs only £12.95 plus a post and pack- 
ing charge of £3. Greenweld Elec- 
tronics, Dept EPE, 27D Park Road, 
Southampton, Hants SP15 3UQ. 

If you just require the sound driver pro- 
gram disc this is available from the author 
and details are given at the end of the ar- 
ticle. The printed circuit board is available 
from the EPF PCB Service, code 868. 


impulse Clock Master Unit 
We do not expect any component buying 
problems to be encountered when search- 
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when preparing our popular Teach-In 
93 series) and if there are any par- 
ticularly puzzling aspects, or you would 
like me to expand on any topics in the 
interests of education, then please write 
to me at the usual address. I welcome 
comments and requests from teachers. 

Don’t forget that I’m also looking for 
good ideas, handy hints and quick tips to 
publish as a special round-up. If you 
have an appealing idea which might in- 
terest or benefit your fellow readers, then 
you can share it by writing to me: Alan 
Winstanley, Circuit Surgery, 6 Church 
Street, Wimborne, Dorset, BH21 1JH. 

Please note, I cannot undertake to 
advise on the repair or modification of 
commercial equipment, and I cannot 
guarantee an individual response but 
I will try wherever possible to offer 
advice. 

Next Month: Capacitor markings are 
causing some confusion. I will try to un- 
ravel one of life’s greatest mysteries by 
describing typical manufacturer’s coding 
methods. Plus more interesting ideas and 
readers’ letters — keep them coming. 


ing for parts for the /mpulse Clock Master 
Unit. Finding an old “impulse clock” to 
renovate may, of course, be another matter! 

If you should have any trouble locating 
the timing crystals then try Cirkit (4 0992 
444111), they carry large stocks of crystals. 

The type number of the diode appears to 
be a ‘military’ code. However, the choice 
of D1 is not critical provided its peak 
reverse voltage exceeds the voltage across 
the clock coil when transistor TR2 first 
switches on (equal to the e.m.f. of cell 
B1) and it can carry the full coil current 
(150mA) as TR2 switches off. Most rec- 
tifier diodes should suffice. 


Telephone Ring Detector 

Looking down the list of parts required 
for the 7elephone Ring Detector we find 
that most of the items are standard sock 
lines, except the relay. 

The relay is from the “ultra” miniature 
range stocked by Maplin and is their 6V 
100 ohm coil version, code FM91Y. Other 
relays can be used, but check that they will 
sit on the circuit board and that it only 
requires a low “holding” current before 
purchase. Also, check the relay pinout ar- 
rangement. 

The piezoelectric transducer e/ement 
should be stocked by most of our com- 
ponents advertisers. It used to be com- 


monly referred to as the 2720 series. 


The ring detector printed circuit board is 
available from the EPE PCB Service, code 
864 (see page 327). 


Circuit Surgery 
Readers who are investigating the pos- 


sibilities of Battery Back-up circuits, one of ~ 


the subjects discussed in this month's Cir- 
cult Surgery feature, will find the little cir- 
cuit presented there most interesting. 

This circuit uses a Harris |CL7673 auto- 
matic battery back-up i.c. and will drive 
modest loads, low tens of milliamps, con- 
tinuously. It is claimed, that by omitting the 
diode and resistor combination you can use 
a dry cell battery in place of the recom- 
mended NiCad cell. 

The circuit is very simple and as always it 
is left to constructors to use their own 
initiative to assemble the project, working 
from the circuit diagram and information 
given as a guide. However, some readers 
may experience difficulty in locating the 
ICL7673 locally. It is currently listed by 
Electromail (€ 0536 204555), code 
632-966 and Maplin (4 0702 554767), 
code UH36P. | 
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Jottings of an electronics hobbyist —Terry Pinnell 











Some time shortly after the invention of 
electricity, when I was in the formative 
stages of this hobby, the last thing I used 
to be concerned about was the long term 
reliability of my projects. It’s only in recent 
years that I’ve given it the weight it cer- 
tainly deserves. Projects that work for a 
while then give up the ghost are a pain. 

Needless to say they invariably seem to 
pack up when you need them most. This is 
true whatever they are doing for you, 
whether it’s timing your eggs, protect- 
ing your house against unlawful entry or 
flashing “Hello!” in l.e.d.s from your bow- 
tie in a vain attempt to impress fellow 
party-goers. 

But stepping back a _ few paces, 
“projects” is hardly the right word to 
describe the things I used to make in those 
first months of discovering electronics. 
Most of my early circuits were assembled in 
a spirit of curiousity, usually built 
experimentally on breadboards. My 
favourites were those S-Decs and 
T-Decs that you don’t see much now. 
You had lots more space for discrete 
components, and, as the circuits 
became more ambitious, you could 
easily connect a few boards together. 
The new sort with 0-1 inch matrix 
spacing and rather small holes are 
more fiddly, although of course ideal 
if your circuits have lots of i.c.s. 

When I did attempt a permanent 
construction, reliability took a very 
low priority, if it was considered at all. 
Just getting a few electrons to flow 
through the right components in the 
right direction was good enough then. Get- 
ting the circuit to actually do whatever it 
was supposed to do was a minor miracle. I 
certainly don’t recall putting any effort into 
ensuring the finished thing would continue 
to perform for posterity. 


Most of those primitive efforts have long 
since mercifully fallen apart of their own 
volition, or else been unsoldered for com- 
ponents. Examining any that have survived 
usually makes me wince. I suppose it 
wasn’t just unreliability, which by defini- 
tion needs time to become apparent, but 
poor quality in general, which is usually 
evident at once. The most obvious aspect 
was external appearance. 

Flimsy cases, often with construction 
scratches, inaccurate drilling and such-like. 
Amateurish labelling, sometimes hand- 
drawn with felt-tip pen, or up market a 
notch to Dymo-tape, which still looked 
poor by comparison with the professional 
transfer-type lettering I adopted later. 

Eccentric choice of knobs, switches and 
sockets, motivated more by what was to 
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Fixed component 
e.g. socket. 


hand rather than any attempt to please: 
The |.e.d.s glued in place rather than placed 
in holders. Overall, a general cobble-it-to- 
gether-fast approach — all these were ob- 
vious shortcomings of those early projects. 

The insides look even worse. Probably 
the main fault was my misguided attempt 
to use the enormous quantity of solid core 
wire I had obtained from some surplus 
shop or other, instead of using proper flexi- 
ble connecting wire. In mitigation, it wasn’t 
just the fact that I had lots of the stuff in 
various colours, but also that it was easier 
to solder, didn’t need twisting and tinning, 
and you could poke it through small holes 
first time. 

Perfectly all right for short, straight links 
across perforated board, or for breadboard 
experiments, but not much else, especially 
not for connecting the board to pots, 
switches, batteries and so on. After dozens 
of occasions when faults were eventually 
tracked down to broken wires the penny 







| 44 Strips of draught excluder for 
b 7 Mounting circuit board. 


Long wires from 
board. 









Fig. 1. Practical case 
considerations. 


finally dropped that solid core wire was not 
meant to be moved, and thereafter I duly 
mended my ways in that respect. 

There were other less obvious manifesta- 
tions of this low quality, such as my ap- 
parent failure to anticipate ever needing 
access to the innards of a project, especially 
its circuit board, for servicing or repair. 
Never seemed to occur to me then! 

Once again I learned my lesson in the 
hard school of real life. On several occa- 
sions I found that I had to virtually remove 
all controls from the front of a project in 
order to change a single component or even 
adjust a control. 


An liluminating 
Example 


For instance I well remember a touch- 
operated lamp I had proudly installed in 
the lounge. Based on capacitive reactance, 
its key element was a Colpitts r.f. oscil- 
lator running at about 100kHz. It was ar- 
ranged so that oscillation was barely sus- 
tained and its amplitude would drop sig- 
nificantly when you touched the cylindrical 
metal casing of the lamp. The drop in a.c. 
amplitude was converted into d.c., which in 





“Key” holes allow 
easy removal. 


turn triggered a bistable toggling the light 
on or off. The snag was that the oscillator 
turned out to be highly erratic, probably 
because it was unduly temperature-sensi- 
tive, and used to go on and off arbitrarily. 
Other similar lamps I had made seemed 
OK but this particular one seemed to have 
a mind of its own. 

Actually, going on at random was almost 
an advantage, as it gave it a sort of burglar 
deterrent function in the small hours. I 
begrudged the wasted electricity in the day- 
time though, as well as the reduced bulb 
life. But the converse, plunging at least that 
corner of the room into darkness, had no 
redeeming features at all. Anyway, that’s 
when I regretted what I had regarded as my 
cleverness in squeezing the circuitry deep 
within the lamp’s innermost parts. 

The crucial miniature preset for adjust- 
ing the oscillator so that it was at the 
critical setting of only just operating was 
impossible to reach without a major effort. 
Eventually I re-positioned it so that it 
was accessible externally, through a newly-. 
drilled small hole in the base of the lamp. 
Trial and error was then painless and 
finally resulted in stability. 

After a few repetitions of this sort of thing 

I started to think seriously about position- 

ing controls and circuit boards more con- 

veniently, and over the years it has paid off 

in saved time and lower blood pressure. If 
some fundamentals are observed then 
life can be much easier. 


For example I always try to ensure 
that the circuit, whether on perforated 
board or p.c.b., is easily removable 
from the case so that it can be placed 
on my workbench without straining 
anything. Project boxes with ready- 
made slots make for such easy 
removal, or you can just stick strips of 
self-adhesive draught excluder verti- 
cally inside a plain case to achieve the 
same result. 

You also need to allow adequate 
lengths of wire from the circuit to 

the case-mounted components like pots, 
switches, sockets, batteries, power transis- 
tors, large electrolytics and so on. With the 
circuit inside the case, a neat 50mm for 
such wires might seem a good idea, but 15 
to 25cm is usually needed in practice. 

For some domestic projects the case 
might need to be wall-mounted, and it’s a 
good idea to anticipate these needing easy 
removal too. This is simple if you use 
the same approach as many commercial 
products. 

Just drill a couple of holes, three if rigidity 
is critical, in the back of the case (the sur- 
face going against the wall) and make sure 
they’re large enough to allow the heads of 
the permanently wall-mounted screws to go 
through them. If you file slots above these 
large holes, when the box is placed against 
the wall you can then slide it down and 
tighten the screws, or reverse that to quickly 
remove the case. 

Of course, this assumes you also arrange 
for screwdriver access from the front of the 
case, usually after removing the cover or 
lid. If mains voltages are involved then it 
also goes without saying that you discon- 
nect the supply first! These three practical 
points are illustrated in Fig. 1. 
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HART KITS give you the opportunity to build the 
very best engineered hifi equipment there is, 
designed by the leaders in their field, using the 
best components that are available. 

Every HART KIT is not just a new equipment ac- 
quisition but a valuable investment in knowledge, 
giving you guided hands-on experience of modern 
electronic techniques. 

In short HART is your ’friend in the trade’ giving 
you, aS a knowledgeable constructor, access to 
better equipment at lower prices than the man in 
the street. 

You can buy the reprints and construction manual 
for any kit to see how easy it is to build your own 
equipment the HART way. The FULL cost can be 
credited against your subsequent kit purchase. 
Our list will give you fuller details of all our Audio 
Kits, components and special offers. 


AUDIO DESIGN 80 WATT POWER AMPLIFIER. 





This fantastic John Linsley Hood designed 
amplifier is the flagship of our range, and the ideal 
powerhouse for your ultimate hifi system. This kit 
is your way to get £K performance for a few tenths 
of the cost!. Featured on the front cover of 
‘Electronics Today International’ this complete 
stereo power amplifier offers World Class perfor- 
mance allied to the famous HART quality and ease 
of construction. John Linsley Hood’s comments on 
seeing a complete unit were enthusiastic:- “The 
external view is that of a thoroughly professional 
piece of audio gear, neat elegant and functional. 
This impression is greatly reinforced by the 
internal appearance, which is redolent of quality, 
both in components and in layout.’’ Options 
include a stereo LED power meter and a versatile 
passive front end giving switched inputs using 
ALPS precision, low-noise volume and balance 
controls. A new relay switched front end option 
also gives a tape input and output facility so that 
for use with tuners, tape and CD players, or 
indeed any other ‘flat’ inputs the power amplifier 
may be used on its own, without the need for any 
external signal handling stages. ‘Slave’ and 
‘monobloc’ versions without the passive input 
stage and power meter are also available. All 
versions fit within our standard 420 x 260 x 75mm 
case to match our 400 Series Tuner range. ALL six 
power supply rails are fully stabilised, and the 
complete power supply, using a toroidal trans- 
former, is contained within a heavy gauge 
aluminium chassis/heatsink fitted with IEC mains 
input and output sockets. All the circuitry is on 
professional grade printed circuit boards with 
roller tinned finish and green solder resist on the 
component ident side, the power amplifiers 
feature an advanced double sided layout for 
maximum performance. All wiring in this kit is pre- 
terminated, ready for instant use! 

RLH11 Reprints of latest articles...................5 £1.80 
K1100CM HART Construction Manual............. £5.50 


LINSLEY HOOD 1400 SERIES 

ULTRA HIGH-QUALITY PREAMP 
Joining our magnificent 80 Watt power amplifier 
now is the most advanced preamplifier ever of- 
fered on the kit, or indeed made-up marketplace. 
Facilities include separate tape signal selection 
to enable you to listen to one programme while 
recording another, up to 7 inputs, cross record- 
ing facilities, class A headphone amplifier, can- 
cellable 3-level tone controls and many other use- 
ful functions, all selected by high quality relays. 
For full details see our list. 





LINSLEY HOOD ’SHUNT FEEDBACK’ R.1.A.A. 
MOVING COIL & MOVING MAGNET 
PICKUP PREAMPLIFIERS 





Modern, ultimate sound systems are evolving 
towards built-in preamplifiers within or near the 
turntable unit. This keeps noise pickup and treble 
loss to a minimum. We now offer two units, both 
having the sonically preferred shunt feedback 
configuration to give an accurate and musical 
sound, and both having the ability to use both 
moving magnet and moving coil cartridges. 

Kit K1500 uses modern integrated circuits to 
achieve outstanding sound quality at minimal cost. 
The very low power requirements enable this unit to 
be operated from dry batteries and the kit comes 
with very detailed instructions making it ideal for the 
beginner. K1500 Complete kit with all components, 
printed circuit board, full instructions and _ fully 
TNISNOG CASS acc sesiicrrsins sacreonxcktisianennrnineorenaccsseens £67.99 
HASTFOCH ONS ONY esccsncecke teas cerersestzastianes eeterccaiaias £2.80 
Kit K1450 is a fully discrete component implementa- 
tion of the shunt feedback concept and used with the 
right cartridge offers the discerning user the ul- 
timate in sound quality from: vinyl disks. Can be 
fitted inside our 1400 Preamp, used externally or as 
a standalone unit. It has a higher power require- 
ment and needs to be powered from our 1400 Series 
preamplifier or its own dedicated power supply. 


K1450 Complete Discrete Component RIAA Phono 
PHEAIND vcsersratsctatecorennindieesens ion eeenieniemas £109.58 
Factory Assembled and Tested.................4 £159.58 


K1565 Matching Audio Grade Power Supply with 
potted toroidal transformer and limited shift 
SAFNING SYSLOM, -ocasissvcsesonscavnnnsnvosarisaweascersasaeioee £79.42 
Factory Assembled and Tested.................:0 £118.42 
U1115 Power Interconnect Cable..................00 £7.29 


SPECIAL OFFER 
PRECISION Triple Purpose TEST 
CASSETTE TC1DD. 


Are you sure your tape recorder is set up to give its 
best? Our latest triple purpose test cassette checks 
the three most important tape parameters without 
test equipment. Ideal when fitting new heads. 

A professional quality, digitally mastered test tape 
at a price anyone can afford. 

Test Cassette TC1DD............... Our price only £10.99 


DISK-COUNT Classical CD’s. 

Top quality, Full Digital (DDD) Compact Disks of the 
great classical favourites. Like everyone else we 
didn’t like the idea of paying silly prices for CD's. 
After a long search we have now located a source of 
top quality classical recordings at prices that make 
you suspect the quality — until you try them! Send for 
our list of titles. 


CD Roms 


Like music CDs these have been overpriced for 
some time but with the low prices of CD Rom drives 
the multimedia revolution is with us now. Send 
for our list of titles. Most popular up to now have 
been ‘‘Too Many Typefonts”’ with 514 TrueType fonts 
along with 393 ATM and lots of others. ‘“Shareware 
Overload” with over 6100 programs extending to 
550MB and ‘‘Kodak Photo CD Access”. The first two 
are only £12.95, the Kodak only £24. 


i nn 
Send or ‘phone for your copy of our List (50p) of these and many other Kits & Components. Enquiries from Overseas 
customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail. 
Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART 
service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will 


get your order on its way to you THAT DAY. 


Please add part cost of carriage and insurance as follows:-INLAND Orders up to £20 - £1.50, 
Orders over £20 - £3.50. Express Courier, next working day £10. 
OVERSEAS - Please see the ordering information with our lists. 


QUALITY 
AUDIO KITS 
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24 hr. SALES LINE [ALL PRICES 


*HART AUDIO KITS —- YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-FI 


TECHNICAL BOOKSHELF 


Modern Books. Selected to represent the state of the 
art today. 


“THE ART OF LINEAR ELECTRONICS”, John Linsley 
Hood. 

Just Out! Hot Off the Press, the definitive electronics 
and audio book by the renowned John Linsley Hood. 
This 300+ page book will give you an unparalleled 
insight into the workings of all types of audio circuits. 
Learn how to read circuit diagrams and understand 
amplifiers and how they are designed to give the best 
sound. The virtues and vices of passive and active 
components are examined and there are separate 
sections covering power supplies and the sources of 
noise and hum. As one would expect from this writer 
the history and derivation of audio amplifier circuitry 
have an entire chapter, as does test and measure- 
ment equipment. 

Copiously illustrated this book is incredible value for 
the amount of information it contains on the much 
neglected field of linear, as opposed to digital, elec- 
tronics. Indeed it must be destined to become the 
standard reference for all who work, or are inter- 
ested in, this field. 

SPECIAL OFFER. With each book purchased you may 
request a FREE extended index, written by the 
Author, exclusively from HART. 

0-7606-0868-9 Accciixdsseeupue inert £16.95 
Don't forget most of our kits have reprints of articles by 
John Linsley Hood that you can purchase separately. 


“THE ART OF SOLDERING”, R. Brewster. 

Absolutely essential reading for anyone who ever 
picks up a soldering iron. Written from knowledge 
gained in a lifetime in the field, this is the first book 
ever solely devoted to this essential and neglected 
skill for all electronic enthusiasts. Covers everything 
from the correct choice of soldering iron and solder 
to the correct procedures to follow with many illustra- 
tions and practical exercises. 


59S BAS aa vecentatesnsl nawssnziapscesecanseetaredstvedavee> £3.95 
“AUDIO”, F.A. Wilson, 320 pages. 178 x 111. Publ. 
1985. 

BP111 “AUDIO” DY FA. WHUSON siscccisisienivactesesces £3.95 


“AN INTRODUCTION TO LOUDSPEAKERS & 
ENCLOSURE DESIGN”, V. Capel, 160 pages. 178 x 
111. Publ. 1988. 

BO sigs uaescowssnipteoewesed om erent teanananeinriewtiewnensaes £2.95 


“| OUDSPEAKERS FOR MUSICIANS”, V. Capel, 176 
pages. 178 x 111. Publ 1991. 
BO OE errata avuaecrerisatecsatdoneors noe eacoae aes £3.95 


“HOW TO USE OSCILLOSCOPES & OTHER TEST 
EQUIPMENT”, R.A. Penfold, 112 pages. 178 x 111. 
Publ. 1989. 

Es crpacrspdectesnaticees satel heroes ee oer £3.50 


Classics from the “Golden Age” 


“THE WILLIAMSON AMPLIFIER’’, D.T.N. Williamson. 
In April 1947, Williamson's power amplifier, using ex- 
cellent-quality push/pull output valves, a special out- 
put transformer, and a highly filtered power supply, 
became an overnight success. The author takes the 
reader deep into his design considerations, offering 
practical advice on how to build the units plus con- 
cise instructions on setting up the new amp. A cult 
classic. 

1947, Reprinted 1990. 40 Pages. 

G10 tc ccvacdcaccsnvieriuauauvkemanaencantosk £4.95 


LOUDSPEAKERS; THE WHY AND HOW OF GOOD 
REPRODUCTION, G.A. Briggs. 

This easy-to-read classic, last revised in 1949, intro- 
duces the reader to concepts such as impedance, 
phons and decibels, frequency response, response 
curves, volume and watts, resonance and vibration, 
cabinets and baffles, horns, room acoustics, tran- 
sients, crossovers, negative feedback, Doppler and 
phase effects, and much more. A provocative survey 
of the right questions about sound reproduction. 

1949, Reprinted 1990. 88 Pages. 215 x 140. 
OG 2A TOT sass dccsinicicagesncsrcncsndconesnsnscanacineancunans £6.95 


COMPUTER TITLES 


“A CONCISE ADVANCED USERS GUIDE TO MS 
DOS”, N. Kantaris, 144 pages. 198 x 130. Publ. 1992. 
BO cnc es sndes tan atied ies aici tyeesoemseaeidaaeraaees £3.95 


““A CONCISE USERS GUIDE TO MS DOS 5”, N. Kan- 
taris, 144 pages. 198 x 130. Publ. 1992. 


Pe tarde rtrabrant cence asters £4.95 | 


“MAKING MS DOS WORK FOR YOU”, N. Kantaris & 
P.R.M. Oliver, 160 pages. 198 x 130. Publ. 1993. 
RF caasien caste pastandscd eanditucteesneninenvaccisetenazennds peseee £4.95 
“A CONCISE USERS GUIDE TO WINDOWS 3.1”, N. 
Kantaris, 160 pages. 198 x 130. Publ. 1992. 
BPS ctacptecipsei rcs aciaein ti cveweesdcesnenn ener 
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previous Interface articles covered the 
hardware aspect of EPROM program- 
ming using a computer. This month we will 
look at the software side of things, and the 
precise steps involved in programming, 
verifying, etc. The software does not ac- 
tually need to be particularly sophisticated, 
but it is important that the hardware is 
controlled in precisely the correct manner if 
the system is to function properly. 


ZIF 


It is perhaps worth mentioning that an 
EPROM programmer is normally fitted with 
a zero insertion force (ZIF) socket into 
which the EPROMs are fitted. For the 2764 
and 27128 EPROMs it is a 28-pin ZIF 
socket that is needed. An EPROM is simply 
dropped into the ZIF socket, and then the 
device is locked in place by operating a 
small lever. Setting the lever back to its 
original position releases the EPROM so 
that it can be lifted clear. 

One advantage of a ZIF socket is that 
it enables the EPROMs to be fitted and 
removed without any risk of the pins being 
buckled or damaged in any way. Another 
advantage is that the EPROM is not con- 
nected to the programming hardware until 
the lever is operated and the device is locked 
in place. This ensures that the supply and 
control lines are connected to the EPROM 
simultaneously, and also disconnected from 
it simultaneously. This minimises the risk of 
“blowing” the EPROM in the wrong sense 
of the word! 


Verification 

Before programming any EPROM it is 
advisable to use a verification routine to 
check that it has been properly erased. An 
erased memory cell is set at 1, and a 
properly erased EPROM should therefore 
return a value of 255 from each address. An 
EPROM programmer can set bits from 1 to 
0, but not vice versa. A change from 0 to 1 
can only be achieved by erasing the en- 
tire contents of an EPROM using short 
wavelength ultraviolet light. 

The first step in the verification process is 
to send a positive pulse to the reset input of 
the binary counter. This ensures that it is set 
initially to address 0. The control lines to the 
EPROM must be set up so that pin 22 (out- 
put enable) is low, and (if applicable) the chip 
enable input at pin 20 is also low. The data 
lines should be set as inputs so that they 
can read the outputs of the EPROM. The 
EPROM is then fitted into the ZIF socket. 

Next a loop routine must repeat a simple 
test procedure. This just entails reading the 
data from the EPROM, and incrementing 
the binary counter by one if the returned 
value is 255. If it is not, the routine is 
brought to a halt and a message is displayed 
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on the screen to indicate that the EPROM is 
not fully erased. The message can include 
the current address, which will presumably 
be the same as the current value in the loop 
counter. It can also include the value read 
from the EPROM. 

Verifying that an EPROM has been pro- 
grammed correctly uses the same basic set 
up. However, instead of checking that each 
address returns a value of 255, it is a matter 
of comparing the value at each address with 
the corresponding value in the array (or 
whatever) that contains the program data. 


Programming 

The programming process is also quite 
straightforward. The output enable pin of 
the EPROM is set high so that the 
EPROM's data lines act as inputs. The data 
lines of the interface are set as outputs, and a 
reset pulse is sent to the binary counter. 
Where appropriate, the chip enable input of 
the EPROM is set low. 

It is then just a matter using a loop pro- 
gram to repeat a simple process. First the 
data for address 0 is placed on the data lines, 
and then the monostable is pulsed. The pro- 
gram must then wait until the output pulse 
from the monostable has come to an end. As 
the output pulse always has a duration of 
about 50 milliseconds, a timing loop can be 
used to provide this delay. 


Data Bus 


Address 
Bus 


L 





It is possible that a slow programming 
language would not move on to the next 
instruction fast enough, but even using one 
of the less powerful 8 bit computers it is 
likely that a “dummy” instruction or some 
simple form of delay will be needed. Using 
an excessive delay will not prevent the sys- 
tem from working reliably, but it will sub- 
stantially increase the programming time. 
Therefore, it is worth experimenting a little 
to get the delay time just right. Once the 
first address has been programmed, a pulse 
is sent to the binary counter so that the 
EPROM is moved on to the next address. 
This cycle of events is then repeated until all 
the addresses have been programmed. 


Alternative Method 

The method described here keeps things 
simple by having the programming and 
verification processes entirely separate. The 
alternative is to incorporate one or both of 
the verification processes into the program- 
ming routine. It is probably best to keep the 
blank EPROM verification process separate 
from the programming procedure. Check 
that EPROMs have been properly erased as 
soon as they are removed from the eraser. 

The initial part of each programming 
cycle remains as described above. The dif- 
ference is that some extra stages need to be 
added before the binary counter is pulsed 


Fig. 1. Waveforms for an EPROM programming and verification cycle. 
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and the process moves on to the next 
address. The first of these additions is to set 
the data lines of the interface to inputs so 
that the EPROM can be read. The output 


enable terminal of the EPROM must be’ 
taken low before a reading is taken. This - 


activates the outputs of the EPROM. It is 
important that the data lines are set to the 
input mode before the output enable ter- 
minal is taken low. 

The reading from the EPROM is then 
compared to the value just written to that 
address. An error message is placed on the 
screen and the programming is brought to a 
halt if there is a discrepancy. If all is well, the 
output enable input is set high again, the 
data lines are set as outputs, the binary 
counter is incremented, and the next pro- 
gramming cycle is commenced. Fig.1 shows 
example waveforms for a programming 
cycle, and this should help to clarify the 
correct method of controlling the EPROM. 


In Use 


Using EPROMs in you own designs is 
not too difficult since they are read only 
devices once programmed. Pin 1 (Vpp) and 
Pin 27 are unused after an EPROM has been 
programmed, and it is then controlled via 
the output enable and chip enable inputs. In 
a circuit that has two or more memory chips, 
the chip enable inputs are used to select the 
required memory device. This minimises the 
current consumption. 

The output enable inputs are driven from 
the read/write control line. These inputs are 
taken low in order to read from an EPROM. 
In some applications the EPROM will be the 
only memory chip used, and the chip enable 
input is then wired to the O volt supply. In a 
very basic application the EPROM may be 
the only device driving the data bus, and it 
is then quite in order to simply wire the out- 
put enable terminal to the 0 volt supply so 
that outputs are permanently active. 

It is common practice to put a piece of 
tape over the “window” of an EPROM once 
it has been programmed, or some users 
prefer to use a splodge of paint. This might 
help to prolong the life of the data stored 








Cover the “window” of a programmed EPROM. This helps to avoid accidental 


erasure or overwriting. 


in EPROMs, but its main purpose is to 
help prevent accidentally erasing or over- 
writing a programmed EPROM. Although 
EPROMs tend to be used as a truly per- 
manent means of storing data and programs, 
most of them are only guaranteed to keep 
the stored information unchanged for about 
5 to 10 years. In reality most EPROMs can 
retain their contents for much longer than 
the guaranteed period, but it is as well to 
bear in mind that they will eventually suffer 
from amnesia. 


Making Tracks 

I am indebted to Mr.Alan Bradley of Bel- 
fast for information on the “PADs PCB” 
printed circuit design program which was 
reviewed in an Interface article last year. It 
seems that the shareware version of this 
program is no longer supported, and it is not 
possible to register a shareware copy of the 
program. The full commercial version of the 
program is still available in the U.K., but has 
a starting price of some £850. 


Presumably it is still quite legitimate for 
anyone with a distribution copy of PADs 
PCB to carry on using it. There are a couple 
of problems though, one of which is that 
it is not possible to obtain a registered 
shareware version if you outgrow the limits 
of the distribution program. The other 
problem is that it seems unlikely that any 
updated versions of the distribution pro- 
gram will be produced, with new screen 
drivers, printer drivers, etc. In due course the 
distribution version will therefore become 
obsolete. I am note sure if it is still in order 
to make and distribute copies of the basic 
program, but it would probably be as well 
not to do so in case it is an infringement of 
someone’s copyright. 

The basic PADs PCB program is a rather 
less attractive proposition than it was 
originally. For anyone getting into com- 
puterised printed circuit design one of the 
other shareware programs might be a better 
bet, and the low cost commercial offerings 
should not be overlooked. 





RING BINDERS FOR EPE 











This ring binder uses a special system to allow the 
issues to be easily removed and reinserted without any 
damage. A nylon strip slips over each issue and this 
passes over the four rings, thus holding the magazine in 
place (see photo). 

The binders are finished in hard wearing royal blue 
p.v.c. with the magazine logo in gold on the spine. They 
will keep your issues neat and tidy but allow you to 
remove them for use easily. 

The price is £5.95 plus £3.50 post and packing. If you 
order more than one binder add £1 postage for each 
binder after the initial £3.50 postage charge, (for over- 
seas readers the postage is £6.00 each to everywhere 
except Australia and Papua New Guinea which costs 
£10.50 each). 

Send your payment in £’s sterling cheque or PO (Over- 
seas readers send £’s sterling bank draft, or cheque 
drawn on a UK bank or pay by credit card), to Everyday 
with Practical Electronics, 6 Church Street, Wimborne, 
Dorset BH21 1JH. Tel: 0202 881749. Fax: 0202 841692 (We 
cannot reply to overseas queries by fax due to the high 
costs). 

We also accept credit card payments. Mastercard (Ac- 
cess) or Visa (minimum credit card order £5). Send 
your card number and card expiry date plus cardholders 
address (if different to the delivery address). 
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Constructional Project 


— CCDTV 
CAMERA 
FRAME GRAB‘ 


JOHN BECKER Part Two 


Add a gear box interface to a Pl-compatible 
computer for high speed analogue data 
collection and aistribution. 


4 


EFORE we tackle the add-on PC-compatible Frame Grab ° 
board we must complete the construction and setting up of 
the CCD TV Camera. Last month we introduced all the 
camera circuits and completed the assembly of the main Control 
Board, we continue now with the Sensor and Video boards. 


OTHER BOARDS 


Moving on now to the board whose details are shown in Fig. 13. 
This, single-sided, board is a combination of the sensor circuit, 
video output module, extension plug and the test board and is 
available from the EPE PCB Service, code 866. With a small hack- 
saw, very carefully cut the board into its four parts. 

Image sensor chip IC5 has unusual pin spacings and at the time 
of writing, a source of i.c. sockets for it had not been located. If 
you have a suitable socket, solder it in first. If not, solder the chip 
directly into the board after all other parts have been mounted. 

If you have an old film camera, it may be possible to secure the 
sensor board to its body behind the lens. To achieve the necessary 
low profile on the imaging side of the board, capacitors, transistors 
and preset VRI may be mounted on the rear of the board. Be 
doubly sure that they are correctly orientated. 

































The Sensor board is mounted to align the sensor chip with 660 
the lens. 
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CAMERA BOX 


For use as a self-contained TV camera, 
all the circuitry and the lens are mounted in 
- one box. The Control Board is mounted on 
the box base using pillar supports. Four 
slots are cut into the box to allow the 
supports to be moved so that the lens 
focuses correctly on the sensor chip. Addi- 
tional bolts between the front of the box 
and the Sensor Board could be used to 
provide greater rigidity. 


VR4-VR7 MOUNTED 
ON TOP PANEL 


13 
14 


15 


VIDEO OUTPUT BOARD 


VIDEO SENSOR BOARD 


BUFFERED INPUTS 
+ 
i 
ul 


TEST BOARD 


TLO9 TL10 
UNBUFFERED INPUTS 


Fig. 13. Printed circuit board(s) component layout and full size copper 
foil master pattern for the sensor circuit, video output module, extension 
plug and test circuit. Before mounting any components on the board It 
should be carefully cut, at the division guides, to provide the required 








The lens mounting hole should be cut out 
so that the centre of the lens is in line with 
the centre of the sensor’s active area. 


Alternatively, the Sensor Board and lens 
may be housed in their own box. Connec- 
tion back to the control box can be via 
ribbon cable terminated with a 16-pin edge 
connector and the Extension Plug section 
of the p.c.b.in Fig. 13. | 

The maximum cable length possible is 
not known, but when a Sensor Board was 


VR? SOLDERED 
BIAS — LINK TO 
a—-d J» pot BODY 


VR8 MOUNTED 
ON REAR PANEL 


BIAS 
vR5 Ageia 
GAIN 
A-D 


16 
17 
21 


18 
19 
20 


EXTENSION PLUG 


12 
OSC 2 OUT 


TL11 
OSC 1 OUT 









Fig. 14. Layout of components on the 
rear of the camera Case. 


fixed to a plate camera via over four metres 
of cable, no problems were experienced. 

The Video Output board and the four 
controls VR4 to VR7 are mounted in the 
box lid. Position the controls so that they 
are clear of the top of the Sensor Board 
when the lid is closed. The p.c.b. is fixed 
using supports with self-adhesive feet. 

As shown in Fig. 14, VR8, SK2, SK3 and 
S1 are mounted on the rear of the box, with 
an additional hole to provide access to the 
output socket of the UHF Modulator. En- 
sure that the UHF Modulator body cannot 
touch the rear controls. 

A pan and tilt mount was bolted to the 
base of the author’s camera. 





four small boards. Note: the capacitors, transistors and preset on the 


Capacitors, preset and transistors mounted 
image sensor p.c.b. go on the track side. . 


on the track side. 
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Fig. 15. Wiring from the control and output boards to the sockets and switch. 
Screened cable must be used where indicated (Sensor p.c.b. plugs directly into 
Control p.c.b.). 


INTERWIRING 


Interconnect the output board, control 
board, sockets and switch as shown in 
Fig. 15, using screened cable where indi- 
cated. Make wires slightly long at this stage 
to allow temporary board removal during 
testing. The wires can be shortened and 
neatly harnessed using cable ties when 
testing is complete. . 


TESTING 


Do not plug in the Sensor Board or any 
other chips at this stage. Connect the unit 
to a 12V power supply and check that the 
regulator i.c.s deliver the correct output 
voltages. 

If at any stage during testing unexpected 
results occur, the most likely reason is that 
a solder short exists, or a connection 


has not been correctly soldered. Switch 
off and visually recheck the area affected 
using a powerful watchmaker’s magnifier, 
or electrically check tracking continuity 
with a multimeter. 

Insert all remaining chips and plug in the 
Sensor Board. Switch on and recheck the 
output voltages of all regulator i.c.s. Addi- 
tionally check that about + 20V is present 
at SKI pin 16. 

Plug the camera into the aerial socket of 
a TV tuned to UHF Channel 36 (same 
channel as used by video recorders). Leave 
the box open. When the camera is switched 
on, the “‘snow” on the screen should disap- 
pear and be replaced by an even-density 
brilliance. 

Rotating bias control VR8 back and 
forth should cause the screen to darken 
and lighten. Covering and uncovering the 


Completed camera showing video output board and controls VR4 to VR7 mounted 


in the case I/id. 








image sensor should also cause changes 
of screen intensity which can be further 
altered by rotating gain control VR4. 
Adjusting preset pots VR2 and VR3 
Should cause sideways shifting of the dis- 
play, and possible loss of synchronisation. 


HARMVMIONIC 
SHIMMER 


Two points should be noted. Firstly, the 
80MHz oscillator is subject to a warm-up 
period during which its frequency changes 
slightly. Secondly, there is a small amount 
of cross-modulation radiated by the 4MHz 
and 80MHz oscillators which manifests it- 
self on the screen as an image ‘“‘shimmer’’. 

Following the warm-up period of about 
five minutes, the shimmer can be minimised 
by slight adjustment of VR2 to shift the 
harmonics of the two oscillators away from 
each other. Repositioning of the intercon- 
necting leads may also help minimise the 
interference. 

The use of screened leads where indicated 
is imperative. The interference was more 
noticeable on the author’s high quality 
colour receiver than on the low cost 
monochrome receiver with which the 
camera is principally used. 


ALIGNMENT 


Place the camera a metre or two in front 
of a reasonably well-illuminated subject. 
Surround the sensor with dark paper so 
that it is illuminated only via the lens and 
not by room lighting falling directly on it. 

Adjust control pots VR4 and VR6 and 
also the lens focus and aperture settings 
until a reasonable image is seen on the TV 
screen. Adjust preset pots VR2 and VR3 
to improve the display stability. Adjust- 
ment of VRI on the Sensor Board may 
also be beneficial to the picture quality, 
although the change may only be notice- 
able in conditions of high image-subject 
brightness and contrast. 

Finally, measure the distance between 
the lens and the subject, turn the lens 
focussing ring so that its markings are set 
for the same distance. Then carefully adjust 
the Control Board on its sliding mounts 
until the screen image is sharp. Tighten 
down the p.c.b. supports and close the box. 
The camera is now ready for use. 

In use, adjustment of the lens aperture 
setting should be the main method of con- 
trolling image intensity. It will be found 
that in most situations the gain control 
VR4 can be left at a fairly low setting. 
Normally a midway setting for the bias 
control VR6 will probably be best. Ex- 
treme settings of VR6 may upset the screen 
synchronisation. 


WAVEFORM 
GRAPHS 


The graphs in Fig. 16 illustrate the 
waveforms to be found at some of the 
crucial points in the circuit. They will be of 
assistance not only to the understanding of 
the camera’s operation, but also in check- 
ing out the circuit. The waveforms occur- 
ring at the points not covered by the graphs 
can be deduced logically through examina- 
tion of the circuit diagrams. 

With the author’s Image Sensor Board, 
the following d.c. voltages at the positive 
pins of the capacitors were found with VR1 
set for the maximum output voltage at 
transistor TR2 emitter: 

C5 5V; C6 18-5V; C7 5:5V; C8 18-5V; 
C9 12-:7V 
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Fig. 17. Two examples of using the Test Board. Above left, 
monitoring CX clock signals prior to C1-C4 and above right 
monitoring AX and BX clock signals at input to 1C15. In both cases 
the link between test points TP2 and TP3 has been removed. 
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USING THE 
TEST BOARD 


The l.e.d.s of the Test Board may be used to monitor any 
points of the control circuit. Two examples of Test Board 
use are given in Fig. 17. 

The choice of which test oscillator to use will depend on 
the final clock rate required at the point being monitored. 
For example, to check the outputs of IC9 in Fig. 5, IC7 
would be removed and Oscillator 2 connected to point TP1 
on the Control Board. 

In several instances circuit points can be monitored by 
removing the next chip in sequence, and soldering the l.e.d. 
wires to the relevant upper pins of a spare d.1.1. socket tem- 
porarily inserted in place of the removed chip. To monitor 
the outputs of IC21 in Fig. 8, for example, remove [C22 and. 
replace it with the spare socket to which the l.e.d. wires are 
soldered to pins 3, 5, 7, 11 and 14. 

When using the test p.c.b. it is preferable to connect its 
unused input points to the OV line. 


SENSOR CLEANING 


The manufacturers of the FT800P sensor state that the 
chip’s electrostatic precautions are not as good as those for 
standard CMOS devices and offer the following advice: 

When cleaning the glass window only use alcohol or 
acetone. Rub the window carefully and slowly. Dry rubbing 


of the window may cause static charges which can destroy 
the device. 
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The Frame Grab board ready for “field trials” 


HE Frame Grab (FG) project is a 

two-way interface unit which enables 

high speed analogue data to be 
processed by a PC-compatible computer. It 
was designed principally for use with the 
CCD TV Camera (TVC), but it can also be 
used for other analogue data interfacing 
purposes. 

The Camera generates live data at a rate 
faster than the software run on most PC- 
compatible computers can handle directly. 
The purpose of the FG, therefore, is to act 
as a “gear box’’, slowing down the data to 
a more readily accessible rate. 

The “frame grabber” consists of a high 
speed analogue to digital converter (ADC) 
whose output data is recorded by a 128Kb 
memory at half the full output transmis- 
sion rate of the camera. When the memory 
has been filled, its contents can be read and 
processed by the computer at a slower rate 
suitable to the software. Processed data can 
be sent back to the Frame Grab memory, 
from where it can be transmitted to a TV 
receiver via the camera. 

The block diagram for the Frame Grab 
and it’s schematic interconnection to the 
CCD TV Camera is shown in Fig. 18. 
Fig. 19 shows the full circuit diagram. 


EPE TV 
CAMERA 


CLOCK AND 
READ/WRITE 


SELECT 


ADDRESS 
INTERFACE 


Most PC-compatible computers have 
several expansion sockets into which 
customised control boards can be plugged. 
The sockets can be accessed by the 
computer via any of 32 address codes 
between &h300 and &h31f (decimal 768- 
799) allowing different functions to be 
controlled from the same expansion slots. 

As seen in the bottom left of Fig. 19, the 
FG’s control address decoder is formed 
around IC1, IC10, IC12a and IC16b. Six 
addresses are decoded in a block from 
&h300 to &h305. Other blocks of six 
consecutive addresses could_be selected 
instead by connecting IC10 CS2 to alter- 
native Y outputs of ICl. Additionally, 
IC10 outputs Y6 and Y7 could be used for 
other addressed control purposes. 

There are four modes of Frame Grab 
operation controlled by the decoded ad- 
dress calls: 


Mode 1: Record TV camera data into 
FG memory. 


Mode 2: Transfer FG memory data into 
computer. 


ADC 128k MEMORY 


R/W/EN A0-A16 


ADDRESS 
COUNTER 








Mode 3: Transfer computer data to FG 
memory. 


Mode 4: Output FG memory to TV 
receiver via TV camera. 


TV RECORD MODE 

For Mode 1, the FG is set so that its 
memory addressing and video data input is 
controlled by clock and sync signals from 
the TV Camera. 

The computer first sends a write com- 
mand (it could also be a read command — 
it does not matter) to each of addresses 
&h301, &h302, and &h305. Respectively, 
these commands briefly take low each of 
IC10 outputs Y1, Y2 and YS. The latter 
two actions reset both parts of the dual 
flip-flop IC11, whose functions will be seen 
later. 

The pulse from IC10 output Y1 triggers 
flip-flop IC9a so that its QA output (pin 5) 
goes high, so enabling one side of NAND 
gate IC2a (pin 5). On receipt of a 50Hz 
start pulse from the camera via resistor R6, 
the other side of IC2a (pin 4) is briefly 
enabled and the gate’s output pin 6 goes 
low. 

This action has two effects. First, it resets 
IC9a so that IC2a cannot respond to any 
more start pulses until I[C9a has been 
clocked again by the computer. Secondly, 
and the principal purpose of this part of the 
circuit, the output pulse from IC2a passes 
via inverting gate IC2b and OR gate IC12d 
to reset memory address counters IC4 and 
IC5. 

The input-to-output routing is set by the 
status of control inputs AO and Al of 
IC3, a dual multiplexing gate. At this 
stage of the cycle, both controls are held 
low, switching the signal routing to the 
DA0/OUT A and DBO/OUT B paths. 

From the camera, a 13MHz clock signal 
is sent to flip-flop IC9b (pin 11) which is 
connected as a divide-by-two stage produc- 
ing a pair of split-phase signals on its QB 
and QB outputs. 

The QB output of IC9 is routed via the 
DAO/OUT A path of IC3 to the clock 
input of IC4. Counters IC4 and ICS are 
connected in series and set the internal 
address to which the DO to D7 data 
input/output lines of memory IC7 are 
connected. The QB output of IC9 is routed 
via the DBO/OUT B path of IC3 to control 
the WR (read/write) input of the memory 
IC7. 


2- WAY 
GATE 
DIR/EN 


ADDRESS J AO -A9 


CONTROL 
DECODER 


Fig. 18. Block diagram for the Frame Grab and it’s schematic interconnection to the CCD TV Camera. 
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VIDEO 


CONVERSION 


The QB signal of IC9, via the DBO/ 
OUT B path of IC3, also controls the 
clocking of the analogue-to-digital con- 
verter (ADC) IC6. Video signals from the 
camera are brought into IC6 pin 11, via 
socket SK2. In Mode 1, IC6 is enabled by 
the combination of a high logic level on pin 
5, supplied from the QA output of ICI 1a, 
and by a low logic level on pin 6, controlled 
by ICS QS. 

Each clock pulse on [C6 pin 7 causes the 
ADC to convert the analogue signal to a 
- digital equivalent at outputs B1 to B6 and 
the OFL (overflow) pin 2. The outputs of 
IC6 are coupled via a data bus to the data 
lines of IC7. Synchronously with the con- 
version, the memory records the data, and 
its address counter is incremented. 

The recording process continues until 
ICS Q5 (pin 4) goes high which, via IC6 pin 
6 (CE), sets the ADC outputs to a high- 
impedance state. Simultaneously, via OR 
gate IC12c, Q5 switches IC3’s signal rout- 
ing to paths DA1/OUT A and DB1/OUT 
B. The FG has now automatically been set 
for Mode 2. 


INPUT TO 
COMPUTER 


In Mode 2, the Frame Grab memory ad- 
dress clocking and stored data reading are 
controlled by the computer. 

A Data-Ready signal is made available 
to the computer by routing the high output 
from ICS Q5 via path X1/X OUT of the 


triple 2-way gate IC14 to A8 (pin 9) of the 
octal 2-way gate IC8. 

The Al to A8 and B1 to B8 data lines of 
IC8 can be routed in either the A to B, or B 
to A direction, as controlled by the logic 
level on IC8 pin 1. In either direction, the 
data lines can be enabled by setting IC8 
OE low. 

In Modes | and 2, IC8 is set for the A to 
B direction. At any time during these 
modes the computer can read data from 
IC8 by making a read call to address 
&h300. The call takes IC10 pin 2 (YO) low, 
which in turn sets IC8 OE low, so enabling 
the computer to read the output data. 

When the computer has recognised that 
IC5 Q5 (pin 4) is high it can start reading 
valid data from the memory IC7, which is 
held in read mode throughout FG Mode 2. 
In Mode 2, each call to &h300 also sends a 
clock pulse via IC3 to IC4, so incrementing 
the memory address count. 

The computer continues to read from 
&h300 until it has input all the data it 
requires from the memory. The amount of 
data will normally be less than the full 
memory contents. 


Should the computer try to read more 
data than the memory address counter per- 
mits, ICS Q5 will go low and the FG will 
automatically return to Mode 1. Software 
should take this into account. 

Upon completion of its data input, the 
computer can send a reset signal to the FG 
by making a write call to &h301. The FG 
then awaits the next start signal from the 
camera, upon receipt of which the next 
batch of video data will be recorded. 

Processing of the 
input video data 

now u 


COMPONENTS io the controling 


Resistors 

R1,R3,R5 10k (3 off) 
R2,R4 Ak7 (2 off) 
R6 1k 

R7 100k 


All resistors 0:25W 5% carbon film or better. 


Capacitors 
100p polystyrene 
1p elect. 63V 

C3toC10 100n polyester (7 off) 

Semiconductors 

1C1,1C10 


IC6 CA3306 6-bit flash ADC 


IC7 M5M51008- P12 131072-word by 8-bit 


CMOS SRAM (see text) 
IC8 74HC245 octal tri-state non-inverting bus 


transceiver . 
74HC74 dual type-D flip-flop (2 off) 


IC9, 1C11 
1C12 74HC32 quad 2-input 


Miscellaneous 


Double-sided PTH printed circuit board available from the 
EPE PCB Service, code 867; 8-pin d.i.I. i.c. socket, 14-pin d.i.l. 
i.c. socket (6 off); 16-pin d.i.l. i.c. socket (6 off); 18-pin d.i.l. i.c. 
socket; 20-pin d.i.l. ic. socket; 32-pin d.i.l. i.c. socket; SK1 is the 
computer's expansion socket; SK2 p.c.b. mounting edge con- 
nector socket 8-pin; 31-way double-sided PC-compatible ex- 
pansion socket (see text); ribbon cable, stereo twin-screened 
cable, 4-way cable, lengths to suit; 24 s.w.g. tinned copper wire 


(see text); solder etc. 


y Voy elgey, a eres & 
guidance only 
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74HC138 1 -of-8 decoder (2 off) 
(CZ 74HCOO quad 2-input NAND gate 
IC3 74HC153 dual 4-input data selector 
IC4 74HC4040 12-stage binary counter 
IC5 74HC4024 7-stage binary counter 


OR gate 

Cis DAC08 or DACO800 8-bit DAC 

1C14 — 74HC4053 triple 2-channel analogue multiplexer 
1C15 LM6361 high speed op. amp 

1C16 74HCO8 quad 2-input AND gate 





software. The TV 
receiver will con- 
tinue to show a live 
picture and _ be 
unaffected by the 
actions of the 
Frame Grab and 
computer. Until told 
otherwise, that is! 


Rear view of 
the CCD TV 
Camera 
showing the 
input/output 
connector. 









COMPUTER TO TV 
REPLAY 


Any form of computer data can be out- 
put to the TV receiver via the Frame Grab 
and CCD TV Camera. The data can be 
that which has just been input from the 
camera, or previously recorded and stored 
on disc, or a picture which has been created 
entirely from software. 

The computer’s output data is recorded 
into the FG’s memory, at a rate to suit 
software, in Mode 3. The memory replay 
rate is then placed under control of the 
camera’s high speed clock and sync signals, 
in Mode 4. 


COMPUTER TO 
FRAME GRAB 


To set the FG for Mode 3, the computer 
makes a write call to &h303. IC10 Y3 (pin 
12) goes low, triggering IClla QA (pin 6) 
low, so disabling ADC IC6. IC11a QB (pin 
5) goes high and, via OR gate IC12c, forces 
a high logic level on IC3 AO (pin 14). Input 
Al (pin 2) remains held low by IC11b QB 
(pin 9), therefore IC3 is set for the same 
routing as in Mode 2. 

The computer now writes data to the FG 
at &h300. As in Mode 2, the action incre- 
ments the memory address counter and 
enables the bus gate IC8. The action also 
causes a negative-going pulse from the 
computer’s WR line to be passed through 
OR gate IC12b to IC8 and IC3. 

The pulse briefly changes the data direc- 
tion of IC8 to the B to A route and, via 
IC3 DBI/OUT B path, sets the memory 
to write mode. As a result, the memory 
records the data sent by the computer. 

Byte-by-byte, line-by-line, the data for 
one TV picture frame is recorded into the 
FG memory. Only six bits per byte are used 
for picture data. The seventh bit, sent to 
memory line D7, is used for sync purposes, 
being set high by software for one count at 
the end of each picture line. 

The eighth data line (computer line D7) 
is not used in Mode 3. Although the 
bit logic is passed through IC8, it is — 
disconnected from IC5 

immediately IC14_ is 
switched to the X0/X 
OUT path when 
IC8 is set for 
the B to A 
direction. 
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FG MEMORY 
OUTPUT TO TV 


In Mode 4, memory data is repeatedly 
output onto the data bus and to the digital- 
to-analogue converter (DAC) IC13. Since 
software can digitally modify the effective 
signal level, the DAC has been given a fixed 
output conversion range, as set by resistors 
R1 to R4. 

From the DAC IC13, the converted 
signal passes through gate IC14, buffer 
op.amp IC15, and back to the camera, via 
SK2, for routing to the TV receiver. 

After a full frame of picture data has 
been transferred to the FG memory, the 
computer makes a write call to &h304. 
IC10 Y4 goes low, triggering IC11b QB 
high. 

When ICI11b QB is high, the DAC 
Output is switched through IC14 Y1/Y 
OUT path to the op.amp, and out to the 
camera. Until this point the opamp input 
has been grounded via the IC14 Y0/Y 
OUT path. 

IC11b QB is also fed back to the camera, 
where a high QB level causes the camera 
multiplexer IC28 to route the FG video sig- 
nal to the TV receiver. 

The high QB level of IC11 is also applied 
to IC3 Al. Since IC3 AO is still held high, 
data routing is set for the DA3/OUT A and 
DB3/OUT B paths. The latter path holds 
the memory in the read-only mode. 

The DA3/OUT A path of IC3 routes 
high speed, but gated, clock signals to IC4 
pin 10. The signals originate from the 
camera but, following their output from 
IC9 QB, are input to IC14 Z0. To IC14’s 
Z1 input, via R5, are brought the com- 
bined line and frame sync signals from the 
camera. IC14’s Z OUT signal is fed via 
inverting gate IC2c to IC3 DA3. 





Data for each line of picture is output 
from the memory IC7 at the fast clock rate 
until memory line D7, the sync marker line, 
goes high. Applied to IC14 input Z CTL, 
the high level switches IC14’s Z signal rout- 
ing to the Z1-Z OUT path. . 

The clocking of IC4 now ceases until 
a line syne pulse from the TVC provides 
the next clock pulse. The memory is then 
stepped on to the next address, where out- 
put D7 is once again low. The counter is 
now back under control of the high speed 
clock signals. The routine repeats until all 
lines of screen data have been output. 

Memory output synchronisation to the 
TV receiver frame rate is achieved by 
resetting the counter from the 50Hz start 
pulse generated by the camera. The pulse is 
brought in via R6 to one input, pin 12, of 
the AND gate IC16a. The other input, pin 
13, is controlled by IC1 1a QB (pin 2). 

When the latter is high, as it is in Mode 4, 
the 50Hz pulse passes through IC16a and 
OR gate IC12d to the reset inputs of IC4 
and ICS. In the other modes, IC 16a is held 
closed to the start pulses. 

Once in Mode 4, memory data will be 
continually cycled out to the TV receiver 
via the TVC until Mode 1 is reselected. Be- 
cause the sampled rate is half that of the 
live data rate, the picture quality will be 
slightly less sharp. 

To set the FG back to Mode 1, the 
computer makes write calls to &h302 
and &h305, resetting both halves of 
IC11. Resetting of IC11 also occurs at 
computer switch-on. The reset inputs of 
IC11 are controlled via AND gates 


ICl6c and ICl6d. At switch-on, the. 


outputs of both gates remain low until 
capacitor C2 has charged up via resis- 
tor R7 to the gate trigger threshold, 
whereupon the outputs of both gates go 


high. Until that point is reached, both 
parts of IC11 are held reset. 


CONSTRUCTION - 
FG CONTROL 
BOARD 


The prototype topside component layout 
for the FG control printed circuit board 
(p.c.b.) is shown in Fig. 21. In keeping with 
the TV Camera, and to ensure consistent 
results, the final p.c.b. is a double-sided 
plated-through-hole (PTH) board and the 
full size top and underside copper foil 
master patterns are included in Fig. 20. 
This board is available from the EPE PCB 
Service, code 867. 

The board has been designed with the 
edge-connector tracks longer than are 
needed for the computer socket. Using a 
small hacksaw, cut off the excess length up 
to the printed marker line seen in Fig. 21 
The removed section is a plug suitable for 
use with the test board described later. 

As advised for the TV Camera, the FG 
p.c.b. has been manufactured as a double- 
sided board with PTH (plated-through- 
hole) interconnections between track sides 
and none of the link wires shown in the 
component layout of Fig. 21 are required. 
The link wires are needed, though, if it is 
decided to make up your own single-sided 
non-PTH board. 

Board construction is fairly straightfor- 
ward and should start with the i.c. sockets, 
this gives a handy guide for positioning 
of the other components. However, if you 
have made your own single-sided board, 
then the link wires must be soldered in 
position and double checked first as some 
are located beneath the i.c. holders, see Fig. 
21. The use of 24 s.w.g. tinned copper wire 
is recommended for the links. 


+12V 

OV 
VIDEO IN 
SYNC 
PIC OUT 
CLOCK 
RESET 
TV MUX 


Fig. 21. Printed circuit board component layout for the Frame Grab board. The /a yout above is for the single-sided prototype 
version and includes all necessary link wires. The component layout for the recommended double-sided board is identical, but 


without all the link wires. 
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When inserting the i.c.s into their holders 
make sure that they are the correct way 
round and also check the polarity of the 
electrolytic capacitor C2 before soldering it 
in place on the board. The rest of the 
capacitors and resistors are not polarity 
conscious and can be connected either way 
round. 

Finally, to complete the FG control 
board, the multi-pin socket SK2 and solder 
pins can be mounted on the board. 


TEST BOARD 


The copper tracking for a combined test 
and extension plug board is shown in 
Fig. 22. This board is part of the combined 
camera video board and is also available 
from the EPE PCB Service, code 866. A 
component mounting drawing is not needed 
for this board. 

Carefully cut the board into its two main 
parts. The larger part can have a PC-com- 
patible edge connector socket soldered into 
the centre holes for use in detailed test ex- 
amination of the control board. 

Cut the small board part in half to make 
two boards each having eight tracks. These 
sections are used as 8-way plugs for inter- 
connecting the Frame Grab and CCD TV 
Camera. 


CAMERA 
CONNECTIONS 


The FG to TVC interwiring details are 
shown in Fig. 23. Note the use of twin- 
screened cable, which also carries the power 
supply. Normal stereo screened cable was 
used with the author’s units. For the other 
connections, 4-way burglar alarm cable was 
used. 

The maximum interconnection cabling 
length permissible is not known, but over 
four metres are currently used by the author. 
It is likely that much longer lengths can be 
used satisfactorily. 


PRELIMINARY 
TESTS 


Following complete assembly and check- 
ing of the board, but before any i.c.s are in- 
serted or connections to the TVC made, plug 
the board into one of the computer’s expan- 
sion sockets. The pinning order of the sock- 
ets is consistent between all PC-compatible 
computers. 

Socket orientation within the computer, 
however, can vary between models. Fig. 24 
shows the orientation found in an Amstrad 
1640, the computer with which the author’s 
unit is used. 

If at any stage of testing, the computer 
fails to behave normally, immediately switch 
off and recheck the board, checking par- 
ticularly for solder shorts between tracks or 
pins. All i.c.s are CMOS devices and the 
usual handling precautions should be ob- 
served. 

Give the board a preliminary electrical in- 
tegrity check by switching on the computer. 
Check again with all i.c.s inserted, except in- 











eeeeee sete 





Fig. 22. Combined test board and extension plug copper track master. 





Fig. 23. Interwiring details between the CCD TV Camera and Frame Grab board. 


terface chip IC8. Check again with IC8 in- These initial separate tests narrow down 
serted, and again after the FG has been con- the causes should the computer malfunc- 
nected to the TVC, with switch S1 of the lat- tion. Final tests can be made once the 
ter supplying power from the computer. software has been loaded. 
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ek 
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Complete Frame Grab board wired to the test board. 


(Ov) 
+5V GND 
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Fig. 24. Pinning details for the Amstrad 1640 computer expansion socket. 
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TROUBLE- 
SHOOTING 


_ If the FG misbehaves and you have dif- 
ficulty finding the likely soldering error, the 
test extension board referred to above can 
be used. Its use is suggested since it may be 
difficult to test-probe the FG board once 
inserted into the computer. 

Solder lengths of ribbon cable (about 
a metre or so) to the relevant tracks of 
both sides of the extension plug, and to the 
equivalent tracks on the extension socket 
board. Insert the plug into the computer 
and the FG board into the extension. Prob- 
ing the Frame Grab board is now practical. 

For many checks, it may be feasible to 
use the l.e.d. test board described with the 
TV Camera. Although direct reading of 
the computer address and data lines can- 
not be made with the TVC test board, 
many other parts of the FG circuit can be 
monitored by the l.e.d.s. Slowing down the 
TVC clock rate and stepping through the 
software routines should help. 


TEST SOFTWARE 


Examples of how the computer can 
process the camera data is given in the 
software Listing 1. It is written in GW-Basic, 
but is also compatible with QuickBasic. 

Running the Test 1 and Test 2 routines 
will confirm that the FG is inputting 
video data correctly, after which the other 
routines can be run. 

It cannot be denied that Basic is a 
slow language for inputting and processing 
high speed data. In the end, though, it 
still achieves results and readers who use 
and expand the Basic software shown will 
find the FG a valuable extension to the 
TVC. None-the-less, readers who can write 
machine-code are recommended to do so. 

As an example of the speed increase of- 








‘fered by machine code, the routine which 


inputs data from the TVC and displays it 


“in computer Screen Mode 7 takes about 


five minutes in GW-Basic on an Amstrad 
1640, but only a couple of seconds in 8086 
machine code. Outputting to disc, printer, or 
back to the TVC, are similarly speeded up. 


OTHER USES 


_ The Frame Grab can be used separately 
from the CCD TV Camera as a general 
purpose ADC/DAC computer interface. 
The maximum data acquisition rate is 
about 8MHz, as restricted by the response 


“speed of memory IC7 (M5M51008-P12, 


but faster versions may be used). The ADC 


ais capable of handling a clock rate of 
“1SMHz, while the DAC has a maximum 
limit of about 12MHz. 


When used independently of the TVC, 


the FG must be supplied with a start pulse 


‘sent via resistor R6, a clock signal sent to 


‘IC9 pin 11, and an analogue signal in the 
range OV to + SV sent to IC6 pin 11. 


* Tf software is written to prevent IC7 D7 
“from going high in Mode 4, resistor R5 can 
be grounded, otherwise an additional sync 
“pulse must be provided to this point. 

- Software controls the modes as follows 
(values in brackets are the decimal equiv- 
alents) : 

MODE 1: 


‘(automatic record from ADC to FG memory until IC5 Q5 high) 


Read or Write &h302 (770) Reset IC11b 
Read or Write &h305 (773) Reset IClla 


100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 


280. 


290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 


“Read or Write &h301 (769) Reset address counters 


“Read &h300 (768) 
“MODE?: 


Read FG data bus 


(automatically available following end of Mode 1) 


‘Read &h300 (768) 
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Read contents of FG memory 





LISTING 1: TEST PROGRAM 


REM FRAME GRAB/TV CAMERA TEST PROGRAM 

REM PROGRAM MAY BE MODIFIED AND ENHANCED AS DESIRED 

OUT 770,0:OUT 773,0:REM RESET FRAME GRAB TO MODE 1 
S=9:SCREEN (S):REM SET SCREEN MODE (MAY BE 1,2,7,8 OR 9) 

REM SET PICTURE PARAMETERS 
W(1)=312:W(2)=360:W(7)=312:W(8)=360:W(9)=360 
L(1)=199:L(2)=199:L(7)=199:L(8)=199:L(9)=288 
D(1)=4:D(2)=3:D(7)=7:D(8)=15:D(9)=15:DIM C%(64):CLS 

REM W(X)=PICTURE WIDTH IN PIXELS: L(X)=LINES:D(X)=COLOUR LIMIT 
REM ANY OF THE NEXT 5 ’GOTO’ STATEMENTS MAY BE REINSTATED 
REM GOTO 390:REM GRAPH 

REM GOTO 470:REM TEST1 

REM GOTO 500:REM TEST2 | 

REM GOTO 570:REM RECORD FROM CAMERA TO DISC 

REM GOTO 620:REM OUTPUT DISC TO CAMERA 

CLS: PRINT" INPUTTING CAMERA PIC FOR SCREEN";S 

REM SET COLOUR LOOKUP TABLE:SEE NOTE 1 

SS=40:SF=50:FOR A=0 TO 4:C%(A)=0:NEXT:FOR A=5 TO SS-1:C%(A)=1 
NEXT: D=D(S)/(SF-SS+1):B=0:FOR A=SS TO SF: B=B+D:C%(A)=B: NEXT 
FOR A=A TO 63:C%(A)=D(S):NEXT:GOSUB 350 

FOR D=0 TO L(S):E=0:GOSUB 330:FOR A=1 TO W(S):F=INP(768) AND 63 
PSET (A,D),C%(F):NEXT:NEXT: IF S<7 THEN 530 ELSE STOP 

REM LOOK FOR SYNC MARKER (VALUE BELOW ABOUT 6, USUALLY 0) 

IF (INP(768) AND 63)>5 THEN 330 

FOR A=1 TO 16:F=INP(768):NEXT:RETURN:REM BYPASS SYNC MARK 
OUT 769, 0:REM RESET FRAME GRAB COUNTER 

F=INP(768) AND 128:IF F>0O THEN 360:REM WAIT TILL IC5 Q5 LOW 
F=INP(768) AND 128:IF F=0 THEN 370:REM WAIT TILL IC5 Q5 HIGH 
FOR B=1 TO 6:GOSUB 330:NEXT:RETURN:REM BYPASS FIRST 6 LINES 
CLS: PRINT "INPUTTING" ;L(S)*W(S); "GRAPH SAMPLES" 

PRINT: PRINT "BE PATIENT FOR A FEW MINUTES!":GOSUB 330 
K=0:FOR D=0 TO 63:C%(D)=0:NEXT:FOR D=0 TO L(S):GOSUB 330 

FOR G=1 TO W(S):F=INP(768) AND 63:C%(F)=C%(F)+1:NEXT:NEXT: PRINT 
PSET (0,180):FOR D=0 TO 63: E=180-(C%(D)/128):IF E<O THEN E=0 
LINE -(K,E),1:K=K+4:NEXT:REM OCCURRENCE OF INPUT VALUE 

K=0: FOR D=0 TO 6:LINE (K,175)-(K,185),1:K=K+40 

NEXT:STOP:REM MARKER AT 10 POINT INTERVALS OF VALUE FROM 0 TO 63 
REM TEST1 - SEE NOTE 2 

OUT 769,0:FOR A=1 TO 20:PRINT INP(768) AND 128; :NEXT 

PRINT: PRINT:GOTO 480 

REM TEST2 - SEE NOTE 3 

OUT 769,0:PRINT "RESET":PRINT: FOR Az=1 TO 1200 

PRINT INP(768) AND 63; :NEXT: PRINT:PRINT:GOTO 510 

REM BLOCK SAVE PICTURE TO DISC - SEE NOTE 5 

DEF SEG=&HB800: BSAVE "PICTURE" ,0,16384:DEF SEG: STOP 

REM BLOCK LOAD PICTURE FROM DISC - SEE NOTE 5 

CLS: DEF SEG=&HB800: BLOAD "PICTURE" ,0:DEF SEG:STOP 

PRINT "OUTPUT TV CAMERA TO DISC":REM SEE NOTE 6 

OPEN "CAMPIC" FOR OUTPUT AS £1:GOSUB 350:G=390: FOR D=1 TO 286 
E=0:LOCATE 2,1:PRINT D:GOSUB 330:FOR H=1 TO 2:FOR A=1 TO G/2 
F=INP(768) AND 63:PRINT £1,CHR$(F+63);:NEXT:PRINT £1," 
NEXT:NEXT:CLOSE £1 

PRINT "OUTPUT DISC TO TV":REM SEE NOTE 7 

OPEN "CAMPIC" FOR INPUT AS £1 

OUT 769,0:OUT 770,0:OUT 771,0:REM SET FG TO MODE 3 

FOR D=1 TO 286:LOCATE 4,1:PRINT D:FOR H=1 TO 2 

INPUT £1,A$:FOR A=1 TO LEN (A$) : F=ASC(MID$(A$,A,1))-63 

OUT 768,(F AND 126):NEXT:NEXT:OUT 768,1:NEXT:CLOSE £1 

FOR D=287 TO 326:LOCATE 4,1:PRINT D:REM FILL MEMORY 

FOR A=1 TO (LEN(A$)*2):OUT 768,62:NEXT:OUT 768,1:NEXT 

OUT 769,0:OUT 772,0:REM SET FG TO MODE 4 

PRINT "HOLDING - PRESS ANY KEY TO RESET TV TO NORMAL" 

IF INKEY$="" THEN 720 

OUT 770,0:OUT 773,0:STOP:REM RESET TO MODE 1 


MODE 3: 

(output computer data to FG memory) 

Read or Write &h303 (771) SetIClla 

Read or Write &h301 (769) Reset address counters 
Write &h300 (768) Write to FG memory 


MODE 4: 

(Output FG memory via DAC to external world) 
Read or Write &h301 (769) Reset address counters 
Read or Write &h304 (772) SetIC11b 
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CONSTRUCTORS The software speeds up the main process- computers which recognise 8086 machine 







| ing events and can have its Basic com- code. Included on the disc are the 

NOTE ads extended by the user. It also in- 8086 source code and the published test 
The author has also written a control cludes machine code routines for output- program. 

program in 8086 assembler and GW-Basic, _ ting to printer and saving to disc from oer 
but which is too long to permit publication screen modes 0, 1, 2, 7, 8 and 9. pire 9 Pa a dul gruomeiylie 
here. However, he will be happy to supply The disc is only available in 5-25 inch per pee oes We are investigating this an 
readers with a disc copy of the software for SSSD format, and is for use with readers’ hope to publish details soon. 
£15 all inclusive (see Shoptalk). own GW-Basic software on PC-compatible 
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Measuring Instruments 









This series is designed to help you make your way, at your own 
pace, through the often imagined fears of mathematics, as this is 
applied to electronic and electrical engineering matters. 


ammeter and the voltmeter. Whatever else we might do with- 
out, we cannot do without these. A simple study of them 
also gives us plenty of opportunity to further practice Ohm’s law. 


AMMETERS AND VOLTMETERS 


An ammeter is an instrument with a /ow internal resistance used 
to measure current. It has to be placed in series with that part of a 
circuit through which the current is passing so that the same cur- 
rent flows through both parts, see Fig. 4.1(a). A /ow internal resis- 
tance is necessary as one with a high resistance, particularly if 
used in an otherwise low resistance path, will reduce the current to 
a lower value and the meter indication will be less than the ac- 
tual current that was flowing before the ammeter was introduced. 
Hence the act of making the measurements affects the things we 
are trying to measure. 

The same is true when a voltmeter is used. A voltmeter must 
have a very high resistance and be used to measure potential dif- 
ference. It is therefore placed in parallel with the component across 
which the p.d. is to be measured, see Fig. 4.1(b). A high resistance 
is necessary as a low resistance will seriously affect the p.d. by its 
parallel presence, effectually lowering the value of the resistance 
which existed in the circuit before the voltmeter was connected. 

The following worked examples illustrate these points. As usual, 
the only bit of mathematical equipment you need is Ohm’s law. 


T: two basic instruments for measurement purposes are the 


1. The resistance of a coil is measured using the circuit of Fig. 4.2. 
The ammeter has a resistance of Ra = 0-25Q and reads 0:75A, 
and the voltmeter reads 10-5V. What is (a) the approximate 
resistance of the coil, (b) the actual p.d. across the coil, (c) the 
true resistance of the coil. 

Ignoring the presence of the ammeter resistance, and applying 

Mr Ohm directly to the meter readings we have 


This is approximate because a// of the applied 10-5V does not 
appear across the coil. So carrying on 


(b) Voltage drop across the ammeter =I x Ra =0-75 x 0:25 
=0-1875V 
. . the voltage across the coil = 10-5 —0-1875 = 10-3125V 





Fit. 4.1. How ammeters and voltmeters are connected Fig. 4.2. What is the true resis- 
tance of the coil? 


into circuits. 


3t2. 





(c) The true resistance of the coil = oN 2 > = 13-750 
Notice here that it is on/y the resistance of the ammeter which 
introduces an error in the measurement of the coil resistance; the 
resistance of the voltmeter does not affect things. 

If the coil resistance was high relative to the ammeter, the error 
would be very small, hence we might conclude that this way of 
arranging the instruments was best suited to the measurement of 
high resistance. 

Let us try the alternative arrangement of having the voltmeter 
directly across the resistance we are measuring; this circuit is 
shown in Fig. 4.3. 





2. A relay coil resistance is being measured: the voltmeter reads 
25V and has an internal resistance of 25kQ, while the ammeter 
reads SmA. Find (a) the approximate resistance of the coil, (b) 
the true resistance of the coil. 

We can deduce from this arrangement that the voltmeter will 
indicate the p.d. acting across the coil, but the reading on the 
ammeter will not be the true value of the current flowing through 
the coil, as a proportion of the 5mA will now be passing through 
the voltmeter. 

Ignoring the effect of the voltmeter, then, we have 


(a) Approximate resistance of the coil =7= = x 103Q 


= 53,0002 


(b)We need first to find what current is flowing through the 
voltmeter. This will be given by 


I, —Noltage across voltmeter_ 25 A 
Vv Tesistance of voltmeter 25,000 


l 


=T00 A=ImA 
. . the current through the coil is (5-1) =4mA 
V _ 25 


The true resistance of the coil = i x 103=6,250Q 


4 

The presence of the voltmeter, even with a resistance of 25kQ, 
here has a serious effect on the current passing through the coil and 
hence upon its calculated resistance. If the coil resistance is low 
relative to the resistance of the voltmeter or (what is the same 
thing) the resistance of the voltmeter is high relative to the coil 


Ry= 025N 





Fig. 4.3. What effect does the 
voltmeter now have? 
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Fig. 4.4. A problem in resistance measure- 
ment. | 


resistance, the error would be much smaller, hence we might con- 
clude that this circuit arrangement is best suited to the measure- 
ment of /ow resistance. 


3. A 600@ resistor in series with an unknown resistor Rx is con- 
nected to a 35V d.c. supply. A voltmeter having a resistance of 
1.2002 when connected across the 600Q reads 5V. What is the 
value of Rx. Is this a true or an approximate solution? 

The equivalent resistance of the 600Q resistor and the 1,200Q 
voltmeter in parallel is, looking at Fig. 4.4, and remembering the 
rule 

600 x 1,200 _ 7,200 _ 
s00F1200 18 


Hence the potential indicated by the voltmeter (SV) is actually 
acting across a resistance of 4002, not 600Q as it would be if the 
resistance of the voltmeter was infinitely great. Bear in mind that 
the voltmeter is not giving us a wrong indication — it is simply 
giving us the p.d. which is now existing across the parallel com- 
bination. | 

; ee V.__5 <9. 

The current I in the circuit is therefore 700 ~ 400 0-0125A 

The p.d. across Rx is therefore (35 — 5)= 30V, and 0:0125A flows 
through it. 





_ 30 _ 
Rx = D015 2,400Q 
This is the true solution; the approximate answer would come if 
we ignored the resistance of the voltmeter. See if you can show that 
the approximate solution is 3,600.2. 


MULTIMETERS 


A meter with a single fixed scale reading, whether ammeter or 
voltmeter, is rarely used as such in general electronic work. In- 
stead, an analogue type of /ow current meter, say, 50 or 100A 
full-scale-deflection (f.s.d.) is used and a range of parallel resistors 
(shunts) or series resistors (multipliers) are switched into the sys- 
tem to make a versatile combination reading a wide range of cur- 
rents, voltages and resistance values; hence the name multimeter. 
An Avometer is an excellent example of such an instrument. 

Digital meters are basically high resistance voltage measuring 
devices with a low basic range, typically 200mV for hand held 
models. A range of switched voltage dividers accommodate higher 
ranges of voltage while currents are measured by the voltage drop 
across known resistors through which the input current is passed. 

There are a number of formulae relating to the problems of 
extending meter ranges but it is best, as always (and I keep repeat- 
ing this), to simply apply Ohm’s law to each particular situation. 


EXTENSION OF 
CURRENT RANGES 


To extend the current range of a basic meter, a shunt resistor Rs 
is connected in parallel with the meter, see Fig. 4.5(a), and from 
this we have I=I+Is where the p.d. across both meter and shunt 
_ is equal to IMRa or IsRs. 

To convert the basic meter to read voltage (and to extend such 
voltage ranges) a series multiplier resistor Ry is connected to the 
meter as Fig. 4.5(b) shows. From this diagram we can see that 
V=Vet Vm =!Rat IRm=I(Ra + Ru). 

Let us apply these relationships (with a good dash of common- 
sense reasoning) to a few examples. 


4. You have obtained a panel meter which has a f.s.d. of 0'5mA 
and an internal resistance of 3602. How would you adapt this 
meter to measure (a) currents up to 50mA, (b) voltages up to 
50V? 

To extend the current range calls for a shunt resistor Rg, and 
Fig. 4.6(a) shows the required arrangement. Let us forget about 
formulae and apply reasoning. The current through the meter must 
never exceed 0:5mA even when it is put into a circuit where up to 
50mA may be flowing. Hence, for a maximum current of 50mA, 
the excess current (50—0-5)=49:SmA must be diverted through 
the shunt. 

Now the voltage V developed across the 36082 meter at its f.s.d. 
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Fig. 4.5. Extending a current range at (a), and a voltage range at (b) using a 
basic sensitive meter. 


Is = 49-5mA 
RA =360N 
1=50mA 
V=50V 


Im=0:-5mA 
Ra = 360N 


(a) 


Fig. 4.6. Calculate the value of a shunt resistance Rs and a 
multiplier Ry - 


of 0:5mA = 360 x 0:5 x 10-3 volts or 0-18V. This same p.d. also 
exists across the shunt which carries a current of 49-5mA. 
0-18 

H Rs = ——— = 3642 

= $°49-5* 103 

An alternative solution is to say that the ratio of the two currents 
is inversely proportional to the ratio of the resistance of meter and 
shunt, that is Is/IjM = Rm/Rs. 


49-5 360 
Hence 03 Re 
_ 360X0-5_ 2, 
and Rs==p z= 3-642 


(b) To convert the 0:‘SmA ammeter into a 50V f.s.d. voltmeter 
calls for a series multiplier resistor and here the circuit of Fig. 
4.6(b) is used. Again, the current through the meter must not 
exceed 0:5mA even when SOV is applied across the series combina- 
tion. Hence the total circuit resistance of meter and multiplier must 
be such that only 0-5mA flows through it with SOV applied. 


Vv 50 
|=——— “SX ] at lh 
Rat Ry eo 360+ RM 
360+ Ruy 05x 103 100 x 103= 100,0002 


Ray = 100,000 — 360 = 99,6402 


Notice that although it is now serving as a voltmeter, the basic 
meter is still acting as a sensitive ammeter and indicating the circuit 
current. 


BRIDGE CIRCUITS 


If the electrical potential at each end of a conductor is the same, 
no current will flow through the conductor. The potential does not 
have to be zero; it can be +5V or —8V or any other level you 
care to name. Provided there is no potential difference between the 
ends, there can be no flow between them. This is the principle on 
which measuring bridges are based. 

Suppose two wires, of arbitrary lengths and overall resistances, 
are wired in parallel across a voltage source as shown in Fig. 4-7. 
The current I divides into parts I, and I at the junction points A 
and these re-unite at junction C. The potential gradient acting 
between points A and C is identical for both wires. If any point B is 
now chosen on the upper wire, it is always possible there- 
fore to find a point D on the 
lower wire which is at the same 
potential as point B. Hence if B 
and D are joined together by a 
piece of wire (or a current 
meter) no current will flow and 
a meter will read zero. This 
is an elementary Wheatstone 
bridge. 

We can find a relationship 
between the four resistance 
paths making up the bridge 
when this ‘“‘balanced’’ condi- 
tion is established: the p.d. Fig. 47 An _ elementary 
between A and B must equal Wheatstone bridge. 





313 


























Fig. 4.8. Using the bridge principle to solve an awkward network. 


that between A and D, or I,R; =1)R3; and the p.d. between B and 
C must equal that between D and C or I,R>=15Ry. Dividing the 
first of these by the second gives us 


HRi_bR; from which Ri_ R3 
T}R2 TR, Rz2 Rg 


If then we know any three of these resistances when the bridge is 
balanced, the fourth can always be found. 

The bridge principle can often be used to solve resistor networks 
which would otherwise be difficult. The next example will illustrate 
this. 


5. What is the equivalent resistance between corners A and B of 
the network shown in Fig. 4.8(a). 

Here we have a square and its diagonals made up of resistors. 
Although there are a number of sophisticated methods of solving 
this problem, the one we can use here depends upon the bridge 
principle and makes things relatively easy. 

If we ignore for the moment the 4Q diagonal between points A 
and B, we can see that the points C and D must be at the same 
potential relative to any voltage applied between A and B. No 
current would flow through this resistor and hence it could be 
removed without affecting the total current drawn by the network 
and therefore its total resistance. The circuit may consequently be 
reduced to that of Fig. 4.8(b). 

This is now simply three 4Q resistors wired in parallel, of which 
the equivalent resistance is 4/3 = 1-33Q. 

Alternately, since there is no potential difference across points C 
and D, we could short these points together with a zero resistance 
path to produce the equivalent circuit of Fig. 4.8(c). This then 
gives us the same result of 1-33Q between A and B. 


TEMS MONTHS PROBLEMS 


We conclude as usual with a few problems to work out on your 
own. They can all be answered with the information we have 
covered up to this time. Last month’s answers follow. 


Fig. 4.9. Simple voltmeter circuit. 


1. A voltmeter having a resistance of 10kQ is connected in series 
with an unknown resistor across a 100V d.c. supply. If the 
meter reads 60V, what is the value of the resistor? 

2. The voltmeter shown in Fig. 4.9 is required to measure a f.s.d. 
of 10V. Can it be used as it stands, or will it need a shunt or 
multiplier; state which? What value of shunt or multiplier (if 
any) might be needed? 

3. A panel meter has a resistance of 5Q and a f.s.d. of 15mA. 
When a 495Q resistor is connected in series with the meter 
across a voltage source, a half scale deflection is obtained. 
What is (a) the source voltage, (b) the deflection when this 
source is 5V? What power is consumed by the meter when f.s.d. 
is obtained? 

4. An experimenter who had a ImA panel meter used it with a 
IM, 0-5W series multiplier to be able to read up to 1,000V, 
arguing that the meter resistance was so negligible compared 
with the IMQ multiplier that he could ignore it. Was this jus- 
tified? Explain why, when he used the meter in this way, he 
nevertheless had a problem. 

5. You have a panel meter which has a f.s.d. of ImA and a 
resistance of 150Q, and would like to make yourself a simple 
voltmeter having voltage ranges of 1V, 10V and 100V selected 
by a switch. Fig. 4.10 shows two ways of building such a 
switched voltmeter, using three multiplier resistors. Which of 
these ways would possibly be preferable in a practical design; 
give your reasons? Calculate the required values of the resistors 
needed for each circuit. 

6. What is the potential difference between points X and Y in the 
circuit Fig. 4.11? What change would need to be made to the 
value of the 3Q resistor so that X and Y were both at the same 
potential? 

7. What is the resistance between any two vertices e.g. A and B, of 
the network of Fig. 4.127. 

Last month’s answers: 1. 0:59W, 1W; 2. 19-62; 3. False; 5. (a) 

0-39A, (b) 1-96V, (c)27-4J; 6. 10-9V, 1-8W; 7. 0-48A, 6-672, 5-4W: 

9. 4-8, 0-5A, 0:75A, 1:25A. 





Fig. 4.10. Two simple voltmeter circuits — which would _ Fig. 4.11. Bridge calculation 
you choose? 
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£1 TG PACKS BARGAINS GALORE syVeter-U, bey.\ me). 1 


In fact ... cheaper than £1 because if you buy 10 you 
can choose one other and receive it free! 
1x 12V Stepper Motor. 7:5 degree. Order Ref: 910. 
1x 10 pack Screwdrivers. Order Ref: 909. 
2 x 5 amp Pull Cord Ceiling Switches. Brown. Order 
Ref: 921. 
5 x reels insulation Tape. Order Ref: 911. 
4x 14mm Bull-races. Order Ref: 912. 
2 x Cord Grip Switch Lamp Holders. Order Ref: 913. 
1x DC Voltage Reducer. 12V-6V. Order Ref: 916. 
1x 10 amp 40V Bridge Rectifier. Order Ref: 889. 
Lightweight Stereo Headphones. Moving coil so 
superior sound, Order Ref: 896. 
2 x 25W Crossovers. For 4ohm loudspeakers. Order 
Ref: 22. 
2 x NiCad Constant Current Chargers. Easily adapt- 
able to charge almost any NiCad battery. Order Ref: 
30. 
10m Twin Screened Flex. White pvc cover. Order Ref: 
122. 
2 x White Plastic Boxes. With lids, approx. 3” cube. 
Lid has square hole through the centre so these are 
ideal for light operated switch. Order Ref: 132. 
2 x Reed Relay Kits. You get 8 reed switches and 
2 coil sets with notes on making relays and other 
gadgets. Order Ref: 148. 
1 x Big Pull Solenoid. Mains operated. Has ‘” pull. 
Order Ref: 871. 
1x Big Push Solenoid. Mains operated. Has 2" push. 
Order Ref: 872. 
1.x Mini Mono Amp. 3W into 4 ohm speaker or 1W into 
8 ohm. Order Ref: 268. 
1 x Mini Stereo 1W Amp. Order Ref:870. 
1 x In-Flight Stereo Unit is a stereo amp. Has two most 
useful mini moving coil speakers. Made for BOAC 
passengers. Order Ref: 29. ; 
1 x 0-1mA Panel Meter. Full vision fact 70mm square. 
Scaled 0-100. Order Ref: 756. 
2 x Lithium Batteries. 2:5V penlight size. Order Ref: 
874. 
2 x 3m Telephone Leads. With BT flat plug. Ideal for 
‘phone extensions, fax, etc. Order Ref: 552. 
1x 12V Solenoid. Has good %” pull or could push if 
modified. Order Ref: 232. 
4 x In-Flex Switches. With neon on/off lights, saves 
leaving things switched on. Order Ref: 7. 
2 x 6V 1A Mains Transformers. Upright mounting with 
fixing clamps. Order Ref: 9. 
2 x Humidity Switches. As the air becomes. damper, 
the membrane stretches and operates a micro switch. 
Order Ref: 32. 
> X ISA MOCKEer Swiicn. inree tags SO ON/Oll, OF 
changeover with centre off. Order Ref: 42. 
2 x Flat Solenoids. You could make your multi-tester 
read AC amps with this. Order Ref: 79. 
1 x Suck or Blow-Operated Pressure Switch. Or it can 
be operated by any low pressure variation such as 
water level in tanks. Order Ref: 67. 
1 x 6V 750mA Power Supply. Nicely cased with mains 
input and 6V output lead. Order Ref: 103A. 
2 x Stripper Boards. Each contains a 400V 2A bridge 
rectifier and 14 other diodes and rectifiers as well as 
dozens of condensers, etc. Order Ref: 120. 
12 Very Fine Drills. For PCB boards etc. Normal cost 
about 80p each. Order Ref: 128. 
5 x Motors for Model Aeroplanes. Spin to start so 
needs no switch. Order Ref: 134. 
6 x Microphone Inserts. Magnetic 400 ohm, also act 
as speakers. Order Ref: 139. 
6 x Neon Indicators. In panel mounting holders with 
lens. Order Ref: 180. 
1 x In-Flex Simmerstat. Keeps your soldering iron etc 
always at the ready. Order Ref:196. 
1 x Mains Solenoid. Very Powerful as %” pull, or 
could push if modified. Order Ref: 199. 
1 x Electric Clock. Mains operated. Put this in a box 
and you need never be late. Order Ref: 211. 
4x 12V Alarms. Makes a noise about as loud as.a car 
horn. All brand new. Order Ref: 221. 
2 x (6” x 4”) Speakers. 16 ohm 5 watts, so can be 
joined in parallel to make a high wattage column. 
Order Ref: 243. 
1.x Panostat. Controls output of. boiling ring from 
simmer up to boil. Order Ref: 252. 
2 x Oblong Push Switches. For bell or chimes, these 
can switch mains up to 5A so could be foot switch if 
fitted in pattress. Order Ref: 263. 
50 x Mixed Silicon Diodes. Order Ref: 293. 
1x 6 Digit Mains Operated Counter. Standard size but 
counts in even numbers. Order Ref: 28. 
2 x 6V Operated Reed Relays. One normally on, other 
normally closed. Order Ref: 48. 
1 x Cabinet Lock. With two keys. Order Ref: 55. 
1 x Magnetic Brake. For stopping a motor or rotating 
tool. Order Ref: 66. 
1 x Shaded Pole Mains Motor. %” 
powerful. Order Ref: 85. 
2 x 5 Aluminium Fan Blades. Could be fitted to the 
above motor. Order Ref: 86. 
' 1x Case, 3% x 2% x 1% with 13A socket pins. Order 
- 2x Cases. 2% x 2% x 1% with 13A pins. Order Ref: 
O68. ae 
4x Luminous Rocker Switches. 10A mains. Order Ref: 
793. 
4 x Different Standard V3 Micro Switches. Order Ref: 


stack, so quite 


340. 
4x Different Sub Min Micro Switches. Order Ref: 313. 


Medicine Cupboard Alarm. Or it could be used to warn 
when any cupboard door is opened. The light shining on 
the unit makes the bell ring. Completely built and neatly 
cased, requires only a battery, £3. Order Ref: 3P 155. 

Don’t Let it Overflow! Be it bath, sink, cellar, sump or any 
other thing that could flood, This device will tell you when 
the water has risen to the pre-set level. Adjustable over 


quite a useful range. Neatly cased for wall mounting, ready. 


to work when battery fitted, £3. Order Ref: 3P156. 

Very Powerful Mains Motor. With extra long (2%") shafts 
extending out each side. Makes it ideal for a reversing 
arrangement for, as you know, shaded pole motors are not 
reversible, £3. Order Ref: 3P157. 












£1 Super Bargain 
12V axial fan for only £1, ideal for equipment cooling, 
brand new, made by West German company. Brush- 
less so virtually everlasting. Needs simple transistor 
drive circuit, we include diagram. Only £1. Order Ref: 
919. When we supply this we will include a list of 
approximately 800 of our other £1 bargains. 


Solar Panel Bargain. Gives 3V at 200mA. Order Ref: 2P324. 
45A Double Pole Mains Switch. Mounted on a 6 x 3% 
aluminium plate, beautifully finished in gold, with pilot 
light. Top quality, made by MEM, £2. Order Ref: 2P316. 
Amstrad 3” Disk Drive. Brand new and standard replace- 
ment for many Amstrad and other machines, £20. Order 
Ref: 20P28. 

High Quality Key Switch. This is a single pole, 2 position 
switch, changeover or on/off. With 2 keys. Good British 
make, normally retails at £3, our price £1.50. Order Ref: 
15P 12. 

Movement Alarm. Goes off with the slightest touch. Ideal 
to protect car, cycle, doorway, window, stairway, etc. 
Complete with Piezo shrieker, ready to use, only £2, (PP3 
battery not supplied). Order Ref: 2P282. 

AM-FM Radio Chassis. With separate LCD module to dis- 
play date and time. This is complete with loudspeaker, 
£3.50. Order Ref: 3.5P5. 

2, 3 and 4 Way Terminal Blocks. The usual grub screw 
types. Parcel containing a mixture of the 3 types, giving 
you 100 waves for £1. Order Ref: 875. 

12/24 DC Solenoid. The construction of this is such that it 
will push or pull. With 24V this is terrifically powerful but is 
still quite good at 12V, £1. Order Ref: 877. 

20 W 5” 4 Ohm Speaker. Mounted on baffle with front grille, 
£3, Order Ref: 3P145. Matching 4 ohm 20W tweeter on 
separate baffle, £1.50. Order Ref: 1.5P9. 

Ultra Thin Drills, actually 0.3mm. To buy these regular 
costs a fortune. However, these are packed in half dozens 
and the price to you is £1 per pack. Order Ref: 797B. 

You Can Stand On It! Made to house GPO telephone equip- 
ment, this box is extremely tough and would be ideal for 
keeping your small tools in. Internal size approx. 10%” 
69" 6 O" High, Campicts WEN Saiiping Siap, Srcs. Se. 
Order Ref: 2P283B. 

Ultra Sonic Transducers. Two metal cased units, one 
transmits, one receives. Built to operate around 40kHz. 
Price £1.50 the pair. Order Ref: 1.5P/4. 

Safety Leads. Curly coil so they contact but don’t hang 
down. Could easily save a child from being scalded, 2 
core, 5A, extends to 3m, £1. Order Ref: 846. 3 core, 13A, 
extends to 3m, £2 each. Order Ref: 2P290. 

Power Supply with Extras. Mains input is fused and filtered 
and the 12V DC output is voltage regulated. Intended for 
high class equipment, this is mounted on a PCB and, also 
mounted on the board, but easily removed, are two 12V 
relays and Piezo sounder, £3. Order Ref: 3P80B. 

Philips 9” High Resolution Monitor. Black and white in 
metal frame for easy mounting. Brand new, still in maker's 
packing, offered at less than price of tube alone, only £15. 
Order Ref: 15P1. 











LCD 3°% Digit Panel Meter 
This is a multi range voltmeter/ammeter using the 
A-D converter chip 7106 to provide 5 ranges each of 
volts and amps. Supplied with full data sheet. Special 
snip price of £12. Order Ref: 12P19. 


insulation Tester with Multimeter. Internally generates 
voltages which enable you to read insulation directly in 
megohms. The multimeter has four ranges. AC/DC volts, 3 
ranges DC milliamps, 3 ranges resistance and 5 amp 
range. These instruments are ex-British Telecom but in 
very good condition, tested and guaranteed OK, probably 
cost at least £50, your for only £7.50 with leads, carrying 
case £2 extra. Order Ref: 7.5P/4. 

Mains 230V Fan. Best make ‘‘PAPST”’, 412” square, metal 
blades, £8. Order Ref: 8P8. 

2MW Laser. Helium neon by Philips, full spec. £30. Order 
Ref: 30P1. Power supply for this in kit form with case is 
£15, Order Ref: 15P16, or in larger case to house tube as 
well £18, Order Ref; 18P2. The larger unit, made up, tested 
and ready to use, complete with laser tube £69, Order Ref: 
69P1. 

‘shp 12V Motor — The Famous Sinclair C5. Brand new, £18. 
Order Ref: 18P7. 

Solar Charger. Holds 4AA NiCads and recharges these in 8 
hours, in very neat plastic case £6. Order Ref: 6P3. 

Ferrite Aerial Rod. 8” long x %” diameter, made by 
Mullard. Complete with two coils, 2 for £1. Order Ref: 832P. 
Air Spaced Trimmer Caps. 2-20pf, ideal for precision 


_ tuning UHF circuits, 4 for £1. Order Ref: 818B. 


Mains Isolation Transformer. Stops you getting ‘‘to earth’’ 
shocks. 230V in and 230V out. 150 watt, £7.50. Order Ref: 
7.5P/5 and a 250W version is £10. Order Ref: 10P97. 
Amstrad Power Unit. 13:5V at 1-9A or 12V at 2A encased 
and with leads and output plug, normal mains input, £6. 
Order Ref: 6P23. 

Atari 65XE. At 65K this is quite powerful, so suitable for 
home or business, unused and in perfect order but less 
PSU, only £19.50. Order Ref: 19.5P/5B. 

80W Mains Transformer. Two available, good quality, both 
with normal primaries and upright mounting, one is 20V 
4A, Order Ref: 3P106, the other 40V 2A, Order Ref: 3P107, 
only £3 each. 
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40W-250W Light Dimmers. On standard plate to put directly 
in place of flush switch. Available in colours, green, red, 
blue and yellow, £2.50, Order Ref: 2.5P9. Or on standard 
3x3 cream metal switch plate, £3, Order Ref: 3P174. 

Touch Dimmers. 40W-250W, no knob to turn, just finger on 
front plate, will give more, or less light, or off. Silver plate 
on white background, right size to replace normal switch, 
£5. Order Ref: 5P230. 

Don’t Stand Out In The Cold. Our 12m telephone extension 
lead has a flat BT socket one end and flat BT plug other 
end, so this would enable you to answer your telephone 
still sitting in a comfortable chair, or in the summer when 
you want to be out in the sun. This is a sturdy white pvc 
covered lead with white plug and socket, £2. Order Ref: 
2P338. 

Telephone Extension Wire. 4 core correctly coloured 
coded, intended for permanent extensions, 25m coil, £2. 
Order Ref: 2P339. 

High Current AC Mains Relay. This has a 230V coil and 
changeover switch rated at 15A with PCB mounting with 
clear plastic cover, £1. Order Ref: 965. 

Colour TV or Monitor Tube. Mullard Ref. No. 
A17590X/2000, brand new, still in makers packing, £25. 
Order Ref: 25P 16. 

Project Box. Size approx. 8” x 4” x 4%" metal, sprayed 
grey, louvred ends for ventilation otherwise undrilled. 
Made for GPO so best quality, only £3 each. Order Ref: 
3P74. 

Water Valve. 230V operated with hose connections, ideal 
for auto plant spray or would control air or gas into tanks 
etc. £1 each. Order Ref: 370. 

Experimenting with Valves. Don’t spend a fortune on a 
mains transformer, we can supply one with standard 
mains input and secs. of 250-0-250V at 75mA and 6:3V at 
3A, £5. Order Ref: 5P167. 

15W 8 Ohm 8” Speaker & 3” Tweeter. Made for a discon- 
tinued high quality music centre, gives real hi-fi and only 
£4 per pair. Order Ref: 4P57. 

Water Pump. Very powerful, mains operated, £10. Order 
Ref: 10P74. 

0-1mA Full Vision Panel Meter. 2%” square, scaled 0-100 
but scale easily removed for re-writing, £1 each. Order 
Ref: 756. 

VU Meter. Iliuminate this from behind becomes on/off in- 
dicator as well, 1%” square, 75p each. Order Ref: 366. 

1 RPM Motor. This is only 2W so will not cost much to run. 
Speed is ideal for revolving mirrors or lights. £2. Order 
Ref: 2P328. 

Battery Quick Charger. Into a flat battery to about 5A the 
charging rate would be 8-10A, this would fall away as 
the battery charges up or it can be switched to a lower 
rate. Complete kit includes mains transformer, rectifier, 
capacitor, switch and metal case, £7.50. Order Ref: 7.5P20. 
15V PSU. Mains operated, nicely cased, adequately 
smooth DC output, £1. Order Ref: 942. 

Wiains rimer. nesin Wiipregnated, micety Caseu, pCO MOoutit- 
ing. £2. Order Ref: 2P315. 

Unusual Solenoid. Solenoids normally have to be ener- 
gised to pull in and hold the core, this is a disadvantage 
where the appliance is left on for most of the time. We now 
have magnetic solenoids which hold the core until a volt- 
age is applied to release it. £2. Order Ref: 2P327. 

220VA Mains Transformer. Secondary voltages 8V-0-8V. 
So-you. could have 16V at 12A or 8V at 25A. Could be ideal 
for car starter charger, soil heating, spot welding, carbon 
rod welding or driving high powered amplifiers etc. £15. 
Order Ref: 15P51. 

Fully. Enclosed Mains Transformer. On a 2m 3 core lead 
terminating with a 13A plug. Secondary rated at 6V 4A. 
Brought out on a well insulated 2 core lead terminating 
with insulated push on tags, £3. Order Ref: 3P 152. 

Ditto but 8A, £4. Order Ref: 4P69. 

Sintinel Component Board. Amongst hundreds of other 
parts, this has 15 ICs, all plug in so do not need desolder- 
ing. Cost well over £100, yours for £4. Order Ref: 4P67. 
Sinclair 9V 2:1A Power Supply. Made to operate the 138K 
Spectrum Plus 2, cased with input and output leads. 
Originally listed at. around £15, are brand new, our price is 
only £3. Order Ref: 3P151. 

Amstrad Keyboard Model KB5. This is a most comprehen- 
sive keyboard, having over 100 keys including, of course, 
full numerical and qwerty. Brand new, still in maker's 
packing, £5. Order Ref. 5P202. 

OPD Dual Micro Drive Unit. This is a twin unit, each with 
motor, record playback head and PCB with all electronics 
and the much coveted Ferranti 1C8446. Can also be used 
with the Spectrum or the QL. Data supplied. £5. Order Ref: 
5P194. 


Prices include VAT. Send cheque/postal order 
or ring and quote credit card number. 
Add £3 post and packing. 

Orders over £50 post free. 
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Constructional Project 


IMPULSE CLOC. 
MASTER UNIT 


HUW GRIFFITHS 


Bring back to life an old impulse 





Clock by building this simple 
Quartz-controlled master unit. 


an old impulse clock which had hung 
unused in a building for many years. 
The clock (see photographs) appeared to 
have been part of the original time-keeping 
system installed in the building which dates 
from 1906. Such clocks were common in 
offices and factories from about the turn of 
the century and provided a modern alter- 
native to traditional clockwork timepieces. 
Normally, a highly accurate pendulum 
clock (though probably not matching 
quartz accuracy) served as the master. 
This clock was electrically powered and 
provided an impulse of current, every 30 
seconds, to a chain of impulse clocks. As 
the impulse clocks were very simple in 
construction, presumably they required 
less maintenance than clockwork clocks 
and were more economical when a large 
‘number of clocks were needed. 


ON IMPULSE 


Impulse clocks were of many types: 
the older ones, such as this example, 
contained an electromagnet which, on 


T®: author was fortunate in acquiring 


each impulse, operated a lever and pawl 
mechanism to advance a ratchet wheel 
(Fig 1). These clocks normally had a 
low-resistance, high-current coil (typically 
SQ, 200mA) and a group of clocks would 
be wired in series. 

Another, quieter type contained an iron 
rotor positioned between the poles of an 
electromagnet and a permanent magnet. 
On each impulse the rotor turned through 
half a revolution. 

A third type had a permanently mag- 
netised rotor, again positioned between the 
poles of an electromagnet, and required 
pulses of alternating polarity to effect rota- 
tion. A similar system is employed in 
modern quartz clocks and watches. 

Some impulse clocks had high-resistance, 


_low-current coils (typically 3kQ, 8mA) and, 


in this case, a group of clocks would 
be wired in parallel. Master clock — im- 
pulse clock systems were fitted in build- 
ings right up until the 1970s when they 
were superseded by battery powered quartz 
clocks which became available for the mass 
market. 





Fig. 1. The “works” of an electric impulse clock. On receiving an impulse, the 
electromagnet (right) operates a lever and pawl mechanism to advance the 


rachet wheel. 
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Whereas clockwork clocks have now 
become collectors’ items, impulse clocks 
have not, the reason being that they are 
useless as working timepieces without a 
suitable master unit to provide the im- 
pulses. To the author’s certain knowledge 
many have simply been thrown out as 
buildings have been converted to modern 
quartz time-keeping. By constructing this 
circuit, new life can be breathed into these 
interesting period-pieces which, one day, 
might also become collectable. 


CIRCUIT 
DESCRIPTION 


The circuit shown in Fig. 2 was designed 
for the clock shown in the photographs, 
which functions satisfactorily with current 
impulses of amplitude 110mA and dura- 
tion 250ms. As will be seen later, the 
circuit can easily be adapted to other 
impulse clocks which might require dif- 
ferent amplitudes of current impulses. The 
circuit, in its present form, cannot be used 
for clocks needing pulses of alternating 
polarity. 

The circuit (Fig. 2) is constructed from 
the 4000 series CMOS logic i.c.s and other 
components which are readily available. 
IC1 forms the master oscillator, producing 
a square-wave output at 32:768kHz. A full 
description of this type of oscillator and 
details of all the CMOS devices can be 
found in Reference 1. 

Timekeeping is controlled by a 
32:768kHz crystal X1, a standard clock or 
watch replacement crystal. Trimmer 
capacitor VCI serves as the load 
capacitance for the crystal, and its value 
can be adjusted in order to fine-tune the 
frequency. 

Resistor R7 and capacitor C6 form a 
low-pass filter from IC1 which rejects any 
spikes on the waveform which could cause 
multiple triggering of the later stages in the 
circuit. IC2 divides the frequency by 4096, 
producing an output at 8Hz. IC3 divides 
by a further factor of 16 to give 1/2Hz. 
IC4 is configured as a divide-by-15 counter 
and brings the frequency to the required 
1/30Hz. 

The 4047 multivibrator IC5 is configured 
as a monostable producing 270ms pulses 
which are then fed to transistors TR1 and 
TR2 for current amplification. Resistor R6 
is used to limit the current through the 
electromagnet coil in the clock, L1. In this 
example the resistance of L1 was five ohms, 
and R6 limits the current to about 150mA 
with a fully charged battery, B3. 
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Diode D1 quenches the back-e.m.f. spike 
produced each time the current through the 
clock coil L1 is switched off. The choice of 
D1 is not critical provided its peak reverse 
voltage exceeds the voltage across the coil 
during the impulse (only 150mA x 5Q2 = 
0:75V in this case) and it can carry the 
full coil current (150mA) as transistor TR2 
switches off. Most rectifier diodes would 
suffice. 

Switch SI has two settings, ““Normal”’ 
and ‘‘Fast’’. On the ““Normal”’ setting the 
circuit pulses the clock at the correct fre- 
quency, 1/30Hz. On the “‘Fast”’ setting the 
frequency..is increased by a factor of 32, 
to approximately 1Hz, for advancing the 
clock. When the push button switch, S2, 
is depressed IC3 and IC4 are reset, im- 
mediately bringing on the next impulse to 
the clock for accurate setting of the time. 


POWER SUPPLY 
The 4000 series CMOS i.c.s require a 
minimum supply voltage of 3V. The three 
1:5V cells in series, B1, B2 and B3, provide 
4:5V, allowing for some battery run-down. 


The clock mechanism is mounted on the rear of the clock face which 1s housed in a 


polished wood surround. 


As the clock needs only 0:55V (110mA x_ 


5Q) for its operation it is unnecessary to 
draw the clock current from all three cells. 
Therefore, the supply for the output stage 
of the circuit (point B) is taken from B3 
only, which must be of a higher capacity 


than B1 and B2. 
With fully charged batteries the con-. 


tinuous current taken by the logic 
circuitry is 100nA. The current supplied 
to the clock, averaged over time, is 
1:35mA (150mA x 270ms/30s) giving a 
total average current of 1-45mA to be 
supplied by B3. 

The useful life of a battery, in this cir- 
cuit, is the time taken for its e.m.f. to fall 
to 1:1V. At this point sufficient voltage is 
still available across R6 and LI to drive 
impulses of 110mA and, if all three cells 
have discharged to this level, the logic cir- 
cuitry will still function at 3-3V. 

For B3 a size D alkaline cell is used (e.g. 
Duracell MN1300). From the manufac- 
turer’s data sheet (Ref. 2), the area beneath 
the discharge curve between the fully 
charged state and an e.m_f. of 1-1V leads to 
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Fig. 2 (below). Complete circuit dia- 


gram for the Impulse Clock Master 
Unit. Note that coil L71 is the clock 
mechanism electromagnet. 


a figure of 13-6Ah. This would give a life 
for cell B3 of more than one year. 

For Bl and B2, size AA cells (e.g. 
Duracell MN1500) are chosen as these only 
have to supply 100HA. A similar calcula- 
tion from the discharge curve predicts a life 
of more than two years. In fact, cheaper 
zinc-carbon cells can be used for B1 and B2 
and should still power the circuit for at 
least one year. In practice, the battery 
lifetimes may be even longer than calcu- 
lated as the circuit will draw less current as 
the power supply voltage falls. 


CONSTRUCTION 


Before construction can commence, the 
current needed to operate the clock must be 
determined. This can be done by means of 
a power supply connected to the clock in 
series with a resistor. 

The supply can be touched momentarily 
onto the clock terminals to complete the 
circuit and, as the power supply voltage 
is increased, the value at which the clock 
operates satisfactorily can be found. The 
current is then calculated by Ohm’s law 
knowing the value of the resistor and the 


‘resistance of the clock coil. The value of 


resistor R6 in Fig. 2 can then be chosen. 


Bi ig 








The circuit is constructed on a piece of 
0-1 inch matrix stripboard, 28 strips x 40 
holes. The board topside component lay- 


out and details of breaks required in the. 


underside copper strips is shown in Fig. 3. 

Start by cutting the stripboard to size 
and then breaking the copper tracks as 
indicated. Before soldering any of the com- 
ponents, fit the board to the lid of the box 
as follows. 

Drill the three fixing holes in the board 
and in the lid. Make sure that the board is 
positioned right at one end of the lid allow- 
ing just enough clearance for the corner pil- 
lars of the box. Countersink the holes on 
the outside of the lid. Now bolt the board 
onto the lid with nuts and locking washers, 
first adding an extra nut on each bolt to act 
as a spacer between the board and the lid. 

Bolt the battery holders to the floor of 
the box ensuring that battery B3 is fitted as 
near to the end of the box as possible, away 
from the board, to allow room for switches 


2-way terminal block to the floor of the 
box approximately in line with trimmer 
capacitor above. Drill a hole in the end of 
the box and fit a grommet to carry the 
wires to the clock. 

Now un-bolt the stripboard and popu- 
late it with the components, noting the 
polarity of the diode, Dl, and the 
capacitors, C4 and CS. It is unnecessary to 
mount switches S1 and S2 on the case as 
they should only need to be operated when 
initially setting the clock to the correct time 
after replacing the batteries. Un-bolt the 
battery holders and connect them to the 
board with fairly long wires (25cm). 
Similarly, wire the board output to the 
terminal block. Finally, bolt everything 
back in position — see photograph. 


SETTING UP 


With the clock connected to the “‘master 
unit” it needs to be advanced to within a 
few minutes of the correct time by 











COMPONENTS 


Resistors See 


SHOP 
TALK 


Page 
4Q7 (see text) 
2k2 


R7 
All 0:-25W 5% carbon film 


Capacitors 
Ci 100n polyester 

470p polystyrene 

0.47 polyester 

10p tantalum bead, 16V 
(2 off) 

100p polystyrene 

2p to 10p trimmer 


Semiconductors 
D1 CV8308 or similar diode 
(see text) 
TR1, TR2 BC182L npn transistor 
(2 off 
1C1 4001 quad 2-input NOR 


gate 

IC2,1C3 4040 12-stage binary ripple 
counter (2 off) 

1IC4 4526 binary divide-by-N 
counter 

IC5 4047 multivibrator 


Miscellaneous 
X1 32:768kHz timing crystal 
S1 S.P.D.T. slide switch, p.c:b. 
mounting 
$2 Keyboard switch, p.c.b. 
mounting 
B1,B2 1-5V AA-size alkaline or 
zinc-carbon cell: Duracell 
MN1500 or Ever Ready 
R6B 
B3 1-5V D-size alkaline cell: 
Duracell MN1300 or Every 
Ready LR20 
Stripboard 0-1 inch matrix 28 strips x 
40 holes; ABS plastic case, size (internal) 
186mm x 106mm x 56mm; 14-pin 
d.i.l. socket (2 off) 16-pin d.i.l. socket 
(3 off); battery holders, single D-size 
and double AA-size; 2-way screw ter- 
minal block; multistrand connecting wire; 
single-core link wire; rubber grommet; 
2mm bolts (countersunk heads), nuts, 


locking washers; solder etc. 


excluding Batts. 


y {Vey el mey, Meery & 
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Sl and S2 on the board above. Bolt the switching SI to “‘Fast’’ and then back to 
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Fig. 3. Stripboard topside component layout and details of breaks required 
in the underside copper tracks. 


Everyday with Practical Electronics, April, 1994 














‘“‘Normal”. The last few impulses are 
provided by pressing the pushbutton 
switch S2 momentarily the necessary 
number of times to bring the clock exactly 
to time. 

The final impulse must be given so that 
the clock is 15s fast initially. Thereafter as 
the pulses are provided automatically by 
the circuit, every 30s, the clock will always 
be within 15s of the correct time. 


CLOCKING-ON 


With the circuit as it stands, two clocks 
(both of the low-resistance type) could be 
driven in series, with resistor R6 short-cir- 
cuited. Up to six clocks in series could be 
driven by taking the supply for the output 
stage (point B) from the 4-5V rail instead 
of from the 1-5V rail. All three batteries 
would then need to be of size D. 

A larger number of clocks still could be 
driven in series by adding more cells to 
increase the potential of point B. Alterna- 
tively the transistor output stage of the 
circuit (R5, R6, C5, TR1, TR2 and D1) 
could be replicated. 

Each additional output stage could be 
housed in its own case, with a power supply 
of cells, and would drive its own group of 
clocks. The inputs to all the output stages 
would be taken from pin 10 of ICS. This 
method is particularly suitable if some of 
the clocks require different currents. The 
current in each output stage is then set 
appropriately. 

If the high-resistance type of clock is to 
be used the power supply needs to be 
changed to three 9V cells (e.g. size PP3) 
which could still be accommodated in the 
same size of box. The power rail voltages 
would then be 9V and 27V. 

The logic circuitry (point A) would be 
supplied from the 9V rail and the out- 
put stage (point B) from the 27V rail. 
Capacitor C5 must then be of a sufficiently 
high working voltage (e.g. 35V). 

As before, the value of resistor R6 needs 
to be chosen to drop the voltage to the 
correct level for the clock. For a 24V clock 











by Barry Fox 


Secret Radio Frequencies 


Just how secret are secret radio fre- 
quencies? ‘‘Official’’ frequency listings, 
like the DTI’s Zable of Radio Frequency 
Allocations, contain a lot of big gaps, 
with very vague headings like “Fixed” 
and “Mobile”. | 

| can take a trip to the Edgware 
Road and buy the much less offi- 
cial “Complete VHF/UHF Frequency 
Guide’ which fills in many of the gaps. 
It lists aircraft frequencies, both civilian 
and military, and civilian emergency 
services. | am told that very unofficial 
lists, of police frequencies, circulate 
amongst owners of scanners. If | knew 
where to get one | would not pass on 
‘the information, so do not bother to 
write in and ask. 

| would however feel free to refer 
anyone to the 1994 edition of WATH, 
the World Radio TV Handbook (pub- 
lished by Billboard Books). This has 600 
pages of small print, listing every radio 
and TV station in the world, their trans- 
mission frequencies and contact ad- 
dresses. 

At first | thought it would be nice to pack 
with my portable short wave radio, for 


REPORT 


The battery holders and terminal block are mounted on the floor of the case and the 








circuit board bolted to the rear of the lid. The board should be mounted at the 
opposite end to the holders so that the switches do not foul on the batteries when 


the lid is closed. 


(often marked on the electromagnet itself) 
R6 can be omitted altogether. Two or more 
clocks can be driven in parallel without 
altering the circuit. 


IN USE 


The impulse clock has now been run- 
ning successfully for several months and 
keeps time as accurately as any of the other 
quartz clocks in the author’s home. Now 
that it too is quartz controlled, this fine old 





foreign trips on which | usually only find the 
BBC’s World Service on the day | am 
leaving. But as WATH weighs around ten 
times as much as my radio, | thought better 
of it. But before putting WA7H on the 
bookshelf | had a quick flip through the 
adverts. These turned out to be quite an 
eye-opener. 

What are you missing, asks one from a 
Box Number in New Jersey. 7he Con- 
fidential Frequency List gives the trans- 
mission frequencies used by organisa- 
tions that prefer to keep their frequencies 
secret. The list covers speech, broadcast 
fax and broadcast electronic mail. 


The list promises the chance to listen 
to the giant USAF Globemaster ferrying 
troops to the world’s hot spots, the Coast 
Guard, and daring rescues at sea. Or you 
can hunt down criminals with Interpol. 
And test your decoding skills in the mys- 
terious number stations for spy messages. 


After reading about Bill Clinton's 
troubles over phone calls allegedly made 
to lady friends, | do think someone 
should warn the President of something 
else the advert promises for its cover price 
of just $23. “Listen to President Clinton 
on Air Force One”. 
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clock probably keeps time better than it 
ever did during its working life. O 


References 

1. D. Lancaster, CMOS Cookbook, 2nd 
Edition, Howard W. Sams & Company, 
Indiana, 1977. 

2. Duracell Batteries Ltd., Duracell House, 
Church Rd, Lowfield Heath, Crawley, 
West Sussex RHI 10PQ. Data sheet: 
Procell/Duracell Alkaline MnO> Range. 





Disk Conditioner 

Private record collectors can now clean 
up the sound from their old disks using 
digital technology previously available 
only to professional studios. The studios 
use computer-controlled scratch suppres- 
sors when preparing old music for release 
on CDs. The Signal Conditioner, just 
going on sale for £450 from Philips’ 
Japanese subsidiary Marantz, plugs into a 
hifi and lets collectors remove scratch 
noise while copying music from their old 
78s and LPs. 


The Conditioner converts the analogue 


‘signal into digital code. The code goes to 


a buffer memory which stores it for a 
few milliseconds. During this short time 
an analyser checks the sound for any 
peaks which rise and fall very rapidly. 
These signify scratches because even the 
most percussive musical sounds decay 
slowly. 


Every non-musical peak is then removed 
by muting the sound for the exact dura- 
tion of the blemish. So the signal which 
leaves the buffer has brief gaps where 
there were previously scratches. Marantz’s 
designer Ken Ishiwata believes this is more 
acceptable to the ear than doing as the 
professional systems do and bridging the 
gaps with a false signal. 

Because the Conditioner can some- 
times be fooled into mistaking music for 
scratches, the user can adjust a control 
which forces the system to focus on large, 
deep scratches or small, shallow ones. 
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Constructional Project 


TELEPHONE _ 


RING 


DETECTOR 


ANDY FLIND 





ie 





Detects when the telephone rings without 
direct electrical connection to the BT 
Phone line. Linking the “ring detector” to 
last month's Visual Doorbell will alert 
anyone with hearing problems that the 


HIS design started life as an add- 

i on for the Visual Doorbell Indicator 

project published last month. The 
original aim was to provide a voltage signal 
for the second opto-isolator in the doorbell 
circuit. However, it’s versatility has been 
extended by a relay output which can be 
used in various ways. 
_A large extension bell for the garden or 
workshop is one obvious application, no 
doubt others will occur to readers. The 
relay is optional, if it is not required it and 
associated components may be omitted to 
save cost and complexity. 

In case some readers are muttering “‘Par- 
don?”’, a “telephone ringing” indicator for 
the acoustically-challenged is not as daft 
as it sounds. A variety of devices exist to 
enable them to use the phone, including 
handsets with amplification and inductive 
couplers to operate suitably equipped hear- 
ing aids. 

_ Even the totally deaf are catered for, 
as a compact .acoustically-coupled teletext 
device is available for visual communica- 
tion via a standard phone. A snag with this 





Fig. 1. Complete circuit diagram for the Telephone Ring Detector. 


Phone is ringing or someone is at the door. 


is that it can only be used with similarly- 
equipped distant phones, but at least one 
such link is often provided for use in 
emergencies. This project makes it possible 
for the distant end of the link to call back. 


LINK UP 


To operate a telephone bell, BT transmit 
a high voltage, low frequency signal over 
the line. This would be easy to detect save 
for one minor snag; it is still illegal to con- 
nect non-approved electrical apparatus to a 
BT line. | 

The challenge then, is to find a way of 
sensing the ringing without direct electri- 
cal connection. The method selected was to 
take a plug-in extension bell, which can be 
bought quite cheaply in most telephone ac- 
cessory shops, carefully prise off the cover, 
and Araldite a “‘piezo transducer” disc to 
the bell itself. 

The output from the transducer when the 
bell rings is quite sufficient to forward-bias 
a transistor, enabling the design of a cir- 
cuit which draws no current in “‘standby” 
mode. Also as there is no direct electrical 


directly onto the bell of a plug-in extension bell. 
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connection to the BT line, there should be 
no legality problem. 


CIRCUIT 
DESCRIPTION 


The full circuit diagram of the Tele- 
phone Ring Detector appears in Fig. 1. 
The “Microphone” MICI is the piezo 
transducer Araldited to the bell. Resistor 
RI normally biases transistor TR1 “off’, 
but when the bell rings a relatively high a.c. 
voltage is generated by the transducer. 
Positive half-cycles turn on TRI, negative 
half-cycles pass through diode D1. 

In “standby”, capacitor Cl is charged by 
resistor R2. This ensures that the input to 
ICla is high, so the output from the paral- 
leled gates IClc and ICId are low, at nega- 
tive rail potential. (The gates of IC1 are all 
“NAND” types which invert signals ap- 
plied to them). 

When transistor TRI conducts, it dis- 
charges Cl and ICI gates change state, 
positive feedback from capacitor C2 ensur- 
ing a rapid switching action. The output 
voltage is then positive, and the relay is 
energised. 

Component values in this part of the cir- 
cuit have been chosen so that the outputs 
are energised continuously whilst the ring- 
ing signal is present, but turn off rapidly 
enough to follow the typical ‘“‘burr-burr” 
pattern of a ringing phone. 

The voltage output from ICI pins 10 
and 11 can drive the “Auxiliary” input of 
last month’s “Doorbell” project directly, 


MIC7 1s a piezoelectric transducer element which ts glued 
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so if this is all that is required the relay 
and associated components can be omitted. 
When used with the doorbell project the 
lights will flash in time with the telephone 
ringing, so unless there is someone at the 
door at the same time there should be no 
difficulty discerning which is being rung. 

As the standby current is zero and the 
average current when ringing only a couple 
of milliamps, an alkaline PP3 should last 
for well over a year in most installations. 


RELAY DRIVER 

If the relay RLA is fitted, the supply cur- 
rent requirement increases. The type speci- 
fied has a 6V coil with a resistance of 100 
ohms, so direct operation from a fresh 9V 
battery would result in a drain of some 90 
milliamps. To improve on this the circuit 
around transistors TR2 and TRI has been 
devised. 

Whilst the relay RLA needs full power to 
initially operate, the “holding” current re- 
quired to keep it operated is much lower. 
Transistors TR2 and TR3 with resistors 
R4 and RS form a constant-current circuit 
supplying about thirty milliamps, enough 
to ensure reliable holding of the relay, but 
resistor R4 and capacitor C3 prevent TR2 
operating for a few milliseconds when the 
circuit is first energised so, for this brief 
period, the relay receives full power. 

This arrangement provides _ reliable 
operation from about a third of the current 
that would otherwise be needed, with a 
bonus in that this current does not vary 
with supply voltage. The prototype 
operates reliably down to about five volts, 
making relay operation from a _ PP3 
feasible, though if frequent operation is 
envisaged a larger battery or mains power 
might be preferable. 


COMPONENTS 


Resistors 
R1 
R2 
R3 
R4 
R5 
All 0-6W 1% metal film 


Capacitors 
Cl, C2; 
C4 100n polyester layer 
(3 off) 
C3 10 radial elect. 50V 
C5 470n radial elect. 16V 


Semiconductors 
D1 1N4148 silicon diode 
D2 1N4007 1000V 1A rect. 
diode 
TR1, TR2, 
TR3 BC184L npn silicon 
transistor (3 off) 


Miscellaneous 
MIC1 Piezoelectric transducer 
element, 27mm diameter 
RLA 6V 1000hm coil ultra min. 
relay, with 2A 24V d.c. 
contacts 
Printed circuit board available from 
the EPE PCB Service, code 864; tele- 
phone extension bell (see text); PP3 
alkaline battery and clips; ABS plastic 
box, size 83mm x 53mm x 31mm; 14- 
pin d.i.l. socket; solder pins (8 off); 
connecting wire; adhesive; solder etc. 


£10 


excludina ext. bell 
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CONSTRUCTION 


All the components of this project with 
the exception of the microphone, battery, 
and any sockets, are fitted on a single 
printed circuit board (p.c.b.). This board is 
available from the EPE PCB Service, code 
864. 

Unlike the Visual Doorbell project it is 
very compact, in order to fit in a box at- 
tached directly to the casing of the bell unit, 
so some care and a fine-tipped soldering 
iron are needed for construction. 

The diodes and three of the resistors are 
mounted vertically to save space, whilst 
capacitor C5, although a radial lead com- 
ponent, lies horizontally to fit in the box. 
The location of the p.c.b. in the box can be 
seen from the photographs. 


INPUT FROM 
MICROPHONE 


VOLTAGE 
OUTPUT 





It may be necessary to trim the corners of 
the board a little to clear the edges of the 
lid. A hole is drilled through the board 
at one end to allow the battery connec- 
tor leads to pass through to the battery 
compartment. 

Component positions are shown in the 
topside layout, Fig.2. These can all be 
fitted, although a socket is recommended 
for IC] which should not be inserted until 
testing is under way. If the relay output 
option is not required it can be omitted, 
along with components R3, R4, R5, C3, 
D2, TR2 and TR3. 


RELAY 
OUTPUT 


Fig. 2. Printed circuit board component evan and full size 
underside copper foil master pattern. 


The finished p.c.b. showing the supply leads passing through the 
board for connection to the battery. 
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RING SENSOR 


Construction of the ‘ring’ sensor is 
fairly simple. A cheap plug-in extension 
bell is required. In case there are any which 
“chirrup” like many modern phones, the 
type needed is a mechanical one, with a real 
metal bell, rung by a solenoid arrangement. 

If there is any doubt, shake the unit, the 
solenoid will rattle and cause the bell to 
“ping”’. It will have a plastic cover which is 
normally glued into place around it’s base, 
so careful work with a craft knife will be 
required to prise it open. 

The transducer, a piezoelectric disc about 
27mm diameter, is attached to the side of 
the bell with a blob of Araldite adhesive, 
whilst ensuring that it will not touch the 
plastic casing when this is refitted. Connec- 
tions are thin flexible wire, soldered directly 
to the disc. Polarity of the leads is not im- 
portant, though it is recommended that the 
larger, outer part of the disc is “‘ground” 
and the smaller, inner one is ‘‘signal’’ going 
to the base of TR1. 

Following this modification the bell will 
rattle rather than ring, but in view of the 
intended purpose this should not matter. 
After circuit testing, the cover can be glued 
back into place with the leads fed out 
through a suitable hole to the circuit. 


TESTING 


To test the unit it will be necessary to 
ring the bell. This can be achieved by use of 
the local BT engineering test number where 
this is known, or by enlisting the aid of a 
suitable volunteer to call back as necessary. 

For circuit testing, the input and power 
supply should be connected, and a meter 
connected across the negative supply and 
pin | of IC1 socket. The actual voltage 
reading obtained will. depend upon the 
loading imposed by the meter, but tapping 
on the side of the bell should cause it to 
drop a bit. Ringing the bell should cause 
the voltage to drop to zero, following the 
“burr-burr”’ ringing pattern. 

If this works correctly, IC] can now be 
fitted. Tapping the bell should now cause 





The completed p.c.b. slotted in the case and the extension bell removed from its housing showing the piezo transducer element 


_ glued to the side of the bell. 
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The completed Telephone Ring Detector together with last month's Visual Door- 
bell. The “doorbell!” can drive up to five 100W light bulbs and can, when linked to 
the “bell”, pulse in time with the ‘phone. 


the voltage output to blip high, and the 
relay, if fitted, to chatter a bit. Ringing the 
bell should produce the expected voltage 
output and relay operation. 

Current drawn from the supply should 
be around 30mA if a relay is being driven, 
almost negligible without it. Measured 
standby current should be practically 
non-existent, which is why this project does 
not have an on-off switch. 

The unit does not have to be mounted 
directly to the bell casing as shown, though 
the high impedance of the input makes it 
advisable to keep the leads to the sensor as 
short as possible. If they are more than a 
couple of inches long, screened lead should 
be used. 

For use with the Visual Doorbell project, 
the voltage output is connected straight 
into the auxiliary opto-coupler (IC3) input 
which has it’s own current limiting resistor. 
As only a battery supply is used the link 
between the two units can be made with 
cheap conductor wires such as bell flex or 


speaker wire. Correct polarity of connec- 
tions must be observed, of course. 


RELAY 


The specified relay RLA has a contact 
rating of 2A for a voltage of 24V d.c. or 
120V a.c. This rules out use with mains 
devices, though quite a hefty extension bell 
could be operated by it, either battery or 
transformer powered. If mains is to be 
switched, the associated project should be 
used anyway, as it eliminates possibility of 
contact failure and in addition provides 
zero-crossing synchronisation. 

Alkaline batteries are preferable to stan- 
dard ones as they can deliver greater cur- 
rent, and have a better shelf life. Even if 
only the Voltage Output is used, they will 
still give a better life. 

It might be advisable to replace the bat- 
tery with a small mains power unit if fre- 
quent relay operation is envisaged, as the 
30mA current would deplete a PP3 battery 
quite rapidly. | O 
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DIRECT 
BOOK 
SERVICE 


The books listed have been 
selected by Everyday with 
Practical Electronics editorial 
staff as being of special in- 
terest to everyone involved 
iN electronics and computing. 
They are supplied by mail order 
direct to your door. Full order- 
ing details are given on the last 
book page. For another selec- 
tion of books see next month's 
issue. 





ELECTRONIC PROJECTS - BOOK 1 
Published by Everyday Electronics in association 
with Magenta Electronics. 
Contains twenty of the best projects from previous issues 
of EE each backed with a kit of components. The projects 
are: Seashell Sea Synthesiser, EE Treasure Hunter, Mini 
Strobe, Digital Capacitance Meter, Three Channel Sound 
to Light, BBC 16K Sideways Ram, Simple Short Wave 
Radio, Insulation Tester, Stepper Motor interface, Eprom 
Eraser, 200MHz Digital Frequency Meter, Infra Red Alarm, 
EE Equaliser loniser, Bat Detector, Acoustic Probe, Mains 
Tester and Fuse Finder, Light Rider — (Lapel Badge, Disco 
Lights, Chaser Light), Musical Doorbell, Function Generator, 
Tilt Alarm, 10W Audio Amplifier, EE Buccaneer Induction 
Balance Metal Detector, BBC Midi Interface, Variable Bench 
Power Supply, Pet Scarer, Audio Signal Generator. 
128 pages (A4 size) £2.45 
ELECTRONICS TEACH-IN 88/89 — 
INTRODUCING MICROPROCESSORS 
Mike Tooley BA (published by Everyday 
Electronics) 
A complete course that can lead successful readers to the 
award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains every- 
thing you need to know including full details on register- 
ing for assessment, etc. Starting with basic terminology, 
integrated circuits, logic families and numbering systems 
the text builds in stages, with revision and assessments 
built in, up to programming, languages, flow charts, etc. 
The course is ideal for the newcomer to the subject. o:46 
4 


80 pages (A4 size) Order code TI-88/89 





HOW TO CHOOSE A SMALL BUSINESS 
COMPUTER SYSTEM 
D. Weale 
This book is for anyone intending to buy an IBM com- 
patible computer system, whether it is their first system or 
a replacement. There are sections on hardware, applica- 
tion and systems programs and how to actually make your 
choice as well as sections on.the law, ergonomics and a 
glossary of common terms. 

The text contains many useful tips and some warnings 
(which could save much effort and expense). ee 


114 pages Order code BP323 


UNDERSTANDING PC SPECIFICATIONS 

R. A. Penfold 

If you require a microcomputer for business applications, 
or a high quality home computer, an IBM PC or compatible 
is often the obvious choice. They are competitively priced, 
and are backed up by an enormous range of applications 
programs, hardware add-ons, etc. The main difficulty for 
the uninitiated is deciding on the specification that will 
best suit his or her needs. PCs range from simple systems 
of limited capabilities up to complex systems that can 
happily run applications that would have been considered 
beyond the abilities of a microcomputer not so long ago. It 
would be very easy to choose a PC system that is inade- 
quate to run your applications efficiently, or one which 
goes beyond your needs and consequently represents poor 
value for money. 

This book explains PC specifications in detail, and the 
subjects covered include the following: Differences 
between types of PC (XT, AT, 80386, etc); Maths 
co-processors; Input devices (keyboards, mice, and 
digitisers); Memory, including both expanded (EMS) and 
extended RAM: RAM disks and disk caches; Floppy disk 
drive formats and compatibility; Hard disk drives (includ- 
ing interleave factors and access times); Display adaptors, 
including all standard PC types (CGA, Hercules, Super 
VGA, etc); Contains everything you need to know if you 
can’t tell your EMS from your EGA! 

104 pages Temporarily out of print 














ELECTRONICS TEACH-IN No. 3- EXPLORING 


ELECTRONICS (published by Everyday Electronics) 


Owen Bishop 


Another EE value for money publication aimed at students 
of electronics. The course is designed to explain the work- 
ings of electronic components and circuits by involving 
the reader in experimenting with them. The book does not 
contain masses of theory or formulae but straightforward 


explanations and circuits to build and experiment with. 


Exploring Electronics contains more than 25 useful 
projects, assumes no previous knowledge of electronics 


£2.45 


and is split into 28 easily digestible sections. 


88 pages (Ad size) 


ELECTRONICS TEACH-IN No.4 

INTRODUCING DIGITAL ELECTRONICS (published 
by Everyday Electronics) 

Michael J. Cockcroft 


Although this book is primarily a City & Guilds Introduc- 
tory level course (726/301), approximately 80% of the in- 
formation forms a very basic introduction to electronics in 
general, it therefore provides an excellent introductory text 
for beginners and a course and reference book for GCSE 


students. 


Full details on registering for C&G assessment, details of 
assessment centres, components required and information 


on the course in general are given. 
The City & Guilds introduction to module 726/301 


reads: ““A candidate who satisfactorily completes this 


module will have a competence to identify basic com- 


ponents and digital integrated circuits and connect them 


together to form simple working circuits and logic units.” 
This provides an excellent introduction to the book. 
112 pages (A4 size) 


ELECTRONICS TEACH-IN No.5 GUIDE 

TO BUILDING ELECTRONIC PROJECTS 

Published by EVERYDAY ELECTRONICS 

Due to the demand from students, teachers and hobbyists 


we have put together a range of articles from past issues of 


Everyday Electronics that will assist those involved with 
the construction of electronic projects. 


The book contains the complete Project Development 


for GCSE series. 
Contents: Features — First Steps in Project Building; 






























Computers and Computing 


AN INTRODUCTION TO 68000 ASSEMBLY 

LANGUAGE 

R.A. & J. W. Penfold 

Obtain a vast increase in running speed by writing pro- 

grams for 6800 based micros such as the Commodore 

Amiga, Atari ST range or Apple Macintosh range etc., in 

assembly language. It is not as difficult as one might think 

and this book covers the fundamentals. ; 
£2.95 


112 pages Order code BP184 


THE ART OF PROGRAMMING THE ZX SPECTRUM 
M. James, B.Sc., M.B.C.S. 

It is one thing to have learnt how to use all the Spectrum's 
commands and functions, but a very different one to be 
able to combine them into programs that do exactly what 
you want them to. This is just what this book is all about — 
teaching you the art of effective programming with your 


Spectrum. 
Order code BP119 £2.50 


144 pages 

A CONCISE INTRODUCTION TO MS-DOS 

N. Kantaris. 

This guide is written with the non-expert, busy person in 
mind and, as such, it has an underlying structure based on 
“what you need to know first, appears first’. Nonetheless, 
the guide is also designed to be circular, which means that 
you don’t have to start at the beginning and go to the end. 
The more experienced user can start from any section. 

The guide covers versions 3.0, 3.1 and 3.2 of both PC- 
DOS and MS-DOS as implemented by IBM and other 
manufacturers of ‘‘compatible” microcomputers, including 
the AMSTRAD PC’s. It covers both floppy disc-based 
systems and hard disc-based systems. 

£2.95 


64 pages Order code BP232 


MAKING MS-DOS WORK 
FOR YOU 
N. Kantanis & P. R. M. Oliver 


This book was written with the busy person in mind and, 
as such, it has an underlying structure based on ‘what 
you need to know first, appears first’. Nonetheless, the 
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Special Everyday Electronics Books 


£2.95 


Building with Vero; Project Development for GCSE; Get- 
ting your Project Working; Guide to Printed Circuit Boards; 
Choosing and Using Test Equipment — The Multimeter, 
The Oscilloscope, P.S.U.s, Logic Probes, Digital Fre- 
quency Meters, Signal Generators, etc; Data — Circuit 
Symbols; Component Codes; Resistors; Identifying Com- 
ponents; Capacitors; Actually Doing It — Understand- 
ing the Circuit Diagram, Component Codes, Mounting 
circuit boards and controls, Understanding Capacitors; 
Projects — Lie Detector; Personal Stereo Amplifier; Digi- 
tal Experimentsr’s Unit; Quizmaster; Siren Effects Unit; 
UV Exposure Unit; Low-cost Capacitance Meter; Personal 


Radio. 
88 pages (A4 size) £2.95 


ELECTRONICS TEACH-IN No. 6 

DESIGN YOUR OWN CIRCUITS 

(Published by Everyday with Practical Electronics) 
Mike Tooley B.A. 

This book is designed for the beginner and experienced 
reader alike, and aims to dispell some of the mystique as- 
sociated with the design of electronic circuits. It shows how 
even the relative newcomer to electronics can, with the right 
approach, design and realise quite complex circuits. 

Fourteen individual p.c.b. modules are described which, 
with various detailed modifications, should allow anyone 
to design and construct a very wide range of different 
projects. Nine ‘‘hands-on’’ complete DIY projects have 
also been included so readers can follow the think- 
ing behind design, assembly, construction, testing and 
evaluation, together with suggested “mods” to meet 
individual needs. The practical projects have each been 
designed to stand on their own as complete items of 
equipment. P.C.B.s for all the modules and projects are 
available by mail order. 

The subjects covered in each chapter of the book are: 
Introduction and Power Supplies; Small Signal Amplifiers; 
Power Amplifiers; Oscillators; Logic Circuits; Timers; 
Radio; Power Control; Optoelectronics. 

The nine complete constructional projects are: Ver- 
satile Bench Power Supply; Simple Intercom; Bench 
Amplifier/Signal Tracer; Waveform Generator; Electronic 
Die; Pulse Generator; Radio Receiver; Disco Lights Con- 
troller; Optical Communications Link. 

£3.45 


136 pages (Olgel-lmerelel-m als 
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book has also been designed to be circular, which means 
that you don’t have to start at the beginning and go to 
the end. 

The book explains: How to write customised batch 
files which allow you to display what you want on your 
screen, and in the form and order you want it, instead of 
being forced to use the DOS prompt on a blank screen. 
How to design and set up a fast interactive and. profes- 
sional looking menu system, so that you or anyone 
else can run utility applications or commercial software 
packages easily. How the ANSI.SYS display and key- 
board commands can be used to position the cursor 
on any part of the screen, change the intensity of the 
displayed characters or change their colour. How the 
Edit screen editor or the Edlin line editor can be used 
to enter ESCape (ANSI.SYS) commands into simple 
ASCII files to allow control of both your screen display 
and your printer. How to control the operation of the 
two main types of printers in use today, Epson com- 
patible dot matrix and HP compatible laser printers. 
How to use several useful routines, such as moving and 
finding files, protecting files from accidental erasure, a 
simplified backup process, a screen saver, and a disc 
cataloguing system. . 

The Debug program and how it can be used to create, 
see and change the contents of any file, including those 
of programs written in assembler code. This includes 
how to find your way around the names: and tasks 
of the CPU registers and the meaning of some simple 
assembler mnemonics. 


182 pages Order code BP319 


AN INTRODUCTION TO CP/M 
R.A. Penfold 
In order to run and use programs operating under CP/M 
it is not essential to have an understanding of the 
system, but a reasonable knowledge of the subject can 
certainly be of immense help when minor problems 
occur, and also in fully exploiting the possible potential 
of the system. This book tells the story! 

£2.95 


84 pages Order code BP183 


£4.95 
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Audio and Music 


ACOUSTIC FEEDBACK - HOW 


TO AVOID IT 
Feedback is the bane of all public address systems. While 
feedback cannot be completely eliminated, many things can 
be done to reduce it to a level at which it is no longer a 
problem. 

Much of the trouble is often the hall itself, not the equip- 
ment, but there is a simple and practical way of greatly 
improving acoustics. Some microphones are prone to feed- 
back while others are not. Certain loudspeaker systems are 
much better than others, and the way the units are positioned 
can produce or reduce feedback. All these matters are fully 
explored as well as electronic aids such as equalizers, fre- 
quency-shifters and notch filters. 

The special requirements of live group concerts are con- 
sidered, and also the related problem of instability that is 
sometimes encountered with large set-ups. We even take a 
look at some unsuccessful attempts to cure feedback so as to 
save readers wasted time and effort duplicating them. 

Also included is the circuit and layout of an inexpensive 
but highly successfu! twin-notch filter, and how to operate it. 


92 pages Order code BP310 £3.95 


PRACTICAL MIDI HANDBOOK 


R.A. Penfold 

The Musical Instrument Digital Interface (MIDI) is sur- 
rounded by a great deal of misunderstanding, and many of 
the user manuals that accompany MIDI equipment are quite 
incomprehensible to the reader. 

The Practical MIDI Handbook is aimed primarily at 
musicians, enthusiasts and technicians who want to exploit 
the vast capabilities of MIDI, but who have no previous 
knowledge of electronics or computing. The majority of the 
book is devoted to an explanation of what MIDI can do and 
how to exploit it to the full, with practical advice on 
connecting up a MIDI system and getting it to work, as well 
as deciphering the technical information in those manuals. 


128 pages £6.95 
PREAMPLIFIER AND FILTER CIRCUITS 
R.A. Penfold 


This book provides circuits and background information for a 
range of preamplifiers, plus tone controls, filters, mixers, etc. 
The use of modern low noise operational amplifiers and a 
specialist high performance audio preamplifier i.c. results in 
circuits that have excellent performance, but which are still 
quite simple. All the circuits featured can be built at quite low 
cost (just a few pounds in most cases). 

The preamplifier circuits featured include:— Microphone 
preamplifiers (low impendance, high impedance, and crys- 
tal). Magnetic cartridge pick-up preamplifiers with R.I.A.A 
equalisation. Crystal/ceramic pick-up preamplifier. Guitar 
pick-up preamplifier. Tape head preamplifier (for use with 
compact cassette systems). 

Other circuits include:— Audio limiter to prevent overload- 
ing of power amplifiers. Passive tone controls. Active tone 
controls. PA filters (highpass and lowpass). Scratch and 
rumble filters. Loudness filter. Audio mixers. Volume and 
balance controls 
92 pages Olael-imersicl-a sims) £3.95 








AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 

V. Capel 

This book explores the various features, good points and 
snags of speaker designs. It examines the whys and 
wherefores so that the reader can understand the 
principles involved and so make an informed choice of 
design, or even design loudspeaker enclosures for him or 
herself. Crossover units are also explained, the various 
types, how they work, the distortions they produce and 
how to avoid them. Finally there is a step-by-step 
description of the construction of the Kapel/meister 
loudspeaker enclosure. 


148 pages Order code BP256 £2.95 


COMPUTERS AND MUSIC - AN INTRODUCTION 
R. A. Penfold 

Computers are playing an increasingly important part in 
the world of music, and the days when computerised 
music was strictly for the fanatical few are long gone. 

If you are more used to the black and white keys of a 
synth keyboard than the QWERTY keyboard of a computer, 
you may be understandably confused by the jargon and 
terminology bandied about by computer buffs. But fear 
not, setting up and using a computer-based music making 
system is not as difficult as you might think. 

This book will help you learn the basics of computing, 
running applications programs, wiring up a MIDI sys- 
tem and using the system to good effect, in fact just 
about everything you need to know about hardware and 
the programs, with no previous knowledge of computing 
needed or assumed. This book will help you to choose the 
right components for a system to suit your personal needs, 
and equip you to exploit that system fully. 


174 pages (Oydel=tmetels|- a 1 On LOW, £8.95 


ELECTRONIC PROJECTS FOR GUITAR 

R.A. Penfold 

This book contains a collection of guitar effects and some 
general purpose effects units, many of which are suitable for 
beginners to project building. An introductory chapter gives 
guidance on construction. 

Each project has an introduction, an explanation of how 
it works, a circuit diagram, complete instructions on strip- 
board layout and assembly, as well as notes on setting up 
and using the units. Contents include: Guitar tuner; Guitar 
preamplifier; Guitar headphone amplifier; Soft distortion unit; 
Compressor; Envelope waa waa; Phaser; Dual tracking ef- 
fects unit; Noise gate/expander; Treble booster; Dynamic 
treble booster; Envelope modifier; Tremelo unit; DI box. 


110 pages Order code PC110 £8.95 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 
R.A. penfold 

Practical constructional details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. Includes MOSFET and bipolar transistor designs. 


96 pages £3.95 


Theory and Reference 


ELECTRONIC HOBBYISTS HANDBOOK 

R.A. Penfold 

Provides an inexpensive single source of easily lo- 
cated information that the amateur electronics en- 
thusiast is likely to need for the day-to-day pursuance of 
this fascinating hobby. Covers common component 
colour codes. Details the characteristics and pinouts of 
many popular seimiconductor devices, including various 


types of logic ICs, operational amplifiers, transistors, 


FETs, unijunctions, diodes, rectifiers, SCRs, diacs, tri- 
acs, regulators and SMDs, etc. Illustrates many useful 
types of circuits, such as timers and oscillators, audio 
amplifiers and filters, as well as including a separate 
section on power supplies. Also contains a multitude of 


other useful data. 
Order code BP233 £4.95 


88 pages 

FROM ATOMS TO AMPERES 

F. A. Wilson 

Explains in crystal clear terms the absolute fundamentals 
behind electricity and electronics. Really helps you to 
discover and understand the subject, perhaps for the first 
time ever. 

Have you ever: Wondered about the true link between 
electricity and magnetism? Felt you could never under- 
stand the work of Einstein, Newton, Boltzmann, Planck 
and other early scientists? Just accepted that an electron 
is like a little black ball? Got mixed up with e.m.f. and 
p.d.? Thought the idea of holes in semiconductors is a 
bit much? 

Then help is at hand with this inexpensive book, in as 
simple a way as possible and without too much complex 
mathematics and formulae. 


244 pages £3.50 


ELECTRONICS - A ‘‘MADE SIMPLE” BOOK 

G. H. Olsen 

This book provides excellent background reading for our 
Introducing Digital Electronics Teach-/n Book and will 
be of interest to everyone studying electronics. The sub- 
ject is simply explained and well illustrated and the book 
assumes only a very basic knowledge of electricity. 


330 pages £6.95 


A REFERENCE GUIDE TO PRACTICAL 
ELECTRONICS TERMS 

F. A. Wilson 
Electronic devices surround us on all sides and their 
numbers are increasing without mercy. Ours is the 
problem therefore in keeping up with this relentless 
expansion. unfortunately we cannot know it all and most 
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of us do not wish to afford the cost of large reference 
books which explain many concepts in fair detail. Here is 
an answer, an inexpensive reference guide which ex- 
plains briefly (but we hope, well) many of the underly- 
ing electronics features of pratical devices, most of 
which, to a certain extent, control our lives. 

This book is in effect more than just a dictionary of 
practical electronics terms, it goes a stage further in also 
getting down to fundamentals. Accordingly the number 
of terms may be limited but the explanations of the many 
which are included are designed to leave the reader more 
competent and satisfied — and this is without the use of 
complicated mathematics which often on first reading 
can even be confusing. 

For those who also wish to get right down to the 
root of the matter, there is a second volume entitled A 
Reference Guide to Basic Electronics Terms (BP286), 
each of the books referring to its companion as neces- 
sary. 

A reference guide for practically everybody concerned 


with electronics. 
Order code BP287 £5.95 


432 pages 
ha a ate ELECTRONICS POCKET BOOK 

. A. Parr 

ewnes Electronics Pocket Book has been in print for 
over twenty years and has covered the development of 
electronics from valve to semiconductor technology and 
from transistors to LSI integrated circuits and micro- 
processors. To keep up to date with the rapidly chang- 
ing world of electronics, continuous revision has been 
necessary. This new Fifth Edition takes account of recent 
changes and includes material suggested by readers of 


' previous editions. New descriptions of op.amp. applica- 


tions and the design of digital circuits have been added, 
along with a totally new chapter on computing, plus 
other revisions throughout. 

315 pages (hard cover) £12.95 


ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 

Owen Bishop 

This book describes over 60 modular electronic circuits — 
how they work, how to build them, and how to use them. 
The modules may be wired together to make hundreds of 
different electronic systems, both analogue and digital. To 
show the reader how to begin building systems from mod- 
ules, a selection of over 25 electronic systems are described 
in detail, covering such widely differing applications as 
timing, home security, measurement, audio (including a 
simple radio receiver), games and remote control. 


200 pages £3.95 





Project Building 


HOW TO GET YOUR ELECTRONIC PROJECTS 
WORKING SOR ae abe a 
R.A. Penfold 
We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking for 
many of the common faults that can:occur when building 
up projects. Bs 


96 pages Order code BP110 £2.95 


HOW TO DESIGN AND MAKE YOUR OWN P.C.B.s 
R. A. Penfold 

Deals with the simple methods of copying printed cir- 
cuit board designs from magazines and books and covers 
all aspects of simple p.c.b. construction including photo- 
graphic methods and designing your‘own p.c.b.s. 


80 pages Order code BP121 £2.50 





How to Get Your 
Electronic Projects 
Working 


A. A. PENFOLD 





A BEGINNERS GUIDE TO MODERN ELECTRONIC 
COMPONENTS 

R.A. Penfold 

The purpose of this book is to provide practical information 
to help the reader sort out the bewildering array of com- 
ponents currently on offer. An advanced knowledge of the 
theory of electronics is not needed, and this book is not 
intended to be a course in electronic theory. The main aim 
is to explain the differences between components of the 
same basic type (e.g. carbon, carbon film, metal film, and 
wire-wound resistors) so that the right component for a 
given application can be selected. A wide range of com- 
ponents are included, with the emphasis firmly on those 
components that are used a great deal in projects for the 


home constructor. 
Order code BP285 £3.95 


166 pages 

BEGINNER’S GUIDE TO BUILDING ELECTRONIC 
PROJECTS 

R.A. Penfold 

Shows the complete beginner how to tackle the practi- 
cal side of electronics, so that he or she can confidently 
build the electronic projects that are regularly featured in 
magazines and books. Also include examples in the form 


of simple projects. 
Order code 227 £1.95 


112 pages 

ELECTRONICS SIMPLIFIED - CRYSTAL SET 
CONSTRUCTION 

F. A. Wilson, C.G.1A., C.Eng., F.1.E.E., F.1.E.R.E., F.B.1.M. 
Especially written for those who wish to participate in 
the intricacies of electronics more through practical con- 
struction than by theoretical study. It is designed for all 
ages upwards from the day one can read intelligently and 
handle simple tools. 


80 pages Order code BP92 £1.75 


GUIDE TO BUILDING ELECTRONIC PROJECTS 
Published by Everyday Electronics 

See the first page of books - ELECTRONICS TEACH-IN 
No.5 — for full details. 


ELECTRONICS PROJECT BOOK 

Published by Everyday Electronics in association 
with Magenta Electronics. 

See the first page of books for full details. 





Testing and 
Test Gear 


HOW TO USE OSCILLOSCOPES AND OTHER 

TEST EQUIPMENT 

R.A. Penfold 

This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, 
and provides advice on buying. A separate chapter deals 
with using an oscilloscope for fault finding on ‘linear 
and logic circuits. plenty of example waveforms help to 
illustrate the control functions and the effects of various 
fault conditions. The function and use of various other 
pieces of test equipment are also covered, including 
signal generators, logic probes, logic pulsers, and crystal 


calibrators. 
Order code BP267 £3.50 


104 pages 
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Circuits and Design 





PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in simple 
terms how each type works and how it is used. 

The book also presents a dozen filter-based projects with 
applications in and around the home or in the constructor’s 
workshop. These include a number of audio projects such 
as a rythm sequencer and a multi-voiced electronic organ. 

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
Circuit diagrams and worked examples. 

88 pages Temporarily out of print 


ELECTRONIC ALARM CIRCUITS MANUAL 

R. M. Marston 

One hundred and forty useful alarm circuits, of a variety of 

types, are shown in this volume. The operating principle of 

each one is explained in concise but comprehensive terms, 

and brief construction notes are given where necessary. 
Aimed at the practical design engineer, technician and 

experimenter, as well as the electronics student and 


amateur. 
Order code NE11 £13.95 


124 pages 

ELECTRONIC CIRCUITS FOR THE COMPUTER 
CONTROL OF MODEL RAILWAYS 

R.A. Penfold 

The projects consist of various types of interface and con- 
trollers, including a high quality pulse type, as well as cir- 
cuits for train position sensing, signal and electric points 
control etc. 

The use of computers does not have to be restricted to 
massive layouts. Something as simple as an oval track with 
a single siding can be given a new dimension by adding 
computer control and much fun can be had from these 
relatively simple set ups. 
88 pages 


DIGITAL LOGIC GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and tech- 
nicians, seeks to establish a firm foundation in digital 
electronics by treating the topics of gates and flip-flops 
thoroughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping 
are explained, demonstrated and used extensively, and 
more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 

200 pages Order code PC106 £8.95 


Temporarily out of print 





ELECTRONIC CIRCUITS FOR THE COMPUTER 
CONTROL OF ROBOTS 

Robert Penfold 

Robots and robotics offer one of the most interesting areas 
for the electronics hobbyist to experiment in. Today the 
mechanical side of robots is not too difficult, as there 
are robotics kit and a wide range of mechanical com- 
ponents available. The micro controller is not too much of 
a problem either, since the software need not be terribly 
complex and many inexpensive home computers are well 
suited to the task. 

The main stumbling block for most would-be robot 
builders is the electronics to interface the computer to the 
motors, and the sensors which provide feedback from the 
robot to the computer. The purpose of this book is to 
explain and provide some relatively simple electronic 
circuits which bridge this gap. 
92 pages 


ELECTRONIC POWER SUPPLY HANDBOOK 

lan R. Sinclair 

This book covers the often neglected topic of electronic 
power supplies. All types of supplies that are used for elec- 
tronics purposes are covered in detail, starting with cells and 
batteries and extending by way of rectified supplies and 
linear stabilisers to modern switch-mode systems, IC switch- 
mode regulators, DC-DC converters and inverters. 

The devices, their operating principles and typical cir- 
cuits are all dealt with in detail. The action of rectifiers 
and the reservoir capacitor is emphasised, and the subject 
of stabilisation is covered. The book includes some useful 
formulae for assessing the likely hum level of a conven- 
tional rectifier reservoir supply. 


136 pages Order code PC108 £7.95 


50 SIMPLE LED CIRCUITS 

R.N. Soar 

Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components — the light-emitting diode (LED). Also in- 
cludes circuits for the 707 common anode display. 


64 pages Order code BP42 £1.95 
BOOK 2 50 more l.e.d. circuits £1.95 


CIRCUIT SOURCE BOOK 1 

A. Penfold 

Written to help you create and experiment with your 
own electronic designs by combining and using the 
various standard ‘building block” circuits provided. Where 
applicable, advice on how to alter the circuit parameters is 
given. 

The circuits covered in this book are mainly concerned 
with analogue signal processing and include: Audio 
amplifiers (op.amp and bipolar transistors); audio power 
amplifiers; d.c. amplifiers; highpass, lowpass, bandpass 
and notch filters; tone controls; voltage controlled 


Temporarily out of print 


Radio, TV, Satellite 





PROJECTS FOR RADIO AMATEURS 

AND S.W.L.S. 

R. A. Penfold 

This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 

The circuits covered include:— An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; A 
wavetrap for combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and usefull circuits for 
short wave enthusiasts. 


92 pages Order code BP304 £3.95 


AN INTRODUCTION TO AMATEUR RADIO 

1. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the turn 
of the century. 

This book gives the newcomer a comprehensive and 
easy to understand guide through the subject so that the 
reader can gain the most from the hobby. It then remains 
an essential reference volume to be used time and again. 
Topics covered include the basic aspects of the hobby, 
such as operating procedures, jargon and setting up a 
station. Technical topics covered include propagation, 
receivers, transmitters and aerials etc. 


150 pages £3.50 


SIMPLE SHORT WAVE RECEIVER CONSTRUCTION 
R.A. Penfold 

Short wave radio is a fascinating hobby, but one that 
seems to be regarded by many as an expensive pastime 
these days. In fact it is possible to pursue this hobby for a 
minimal monetary outlay if you are prepared to undertake a 
bit of d.i.y., and the receivers described in this book can all 
be built at low cost. All the sets are easy to construct, full 
wiring diagrams etc. are provided, and they are suitable 
for complete beginners. The receivers only require simple 
aerials, and do not need any complex alignment or other 
difficult setting up procedures. 

The topics covered in this book include: The broad- 
cast bands and their characteristics; The amateur bands 
and their characteristics; The propagation of radio signals; 
Simple aerials; Making an earth connection; Short wave 
crystal set; Simple t.r.f. receivers; Single sideband recep- 
tion; Direct conversion receiver. 

Contains everything you need to know in order to get 
started in this absorbing hobby. 


88 pages Order code BP2/5 £3.95 


AN INTRODUCTION TO AMATEUR 
COMMUNICATIONS SATELLITES 

A. Pickford 

Communications and broadcast satellites are normally 
inaccessible to individuals unless they are actively in- 
volved in their technicalities by working for organisations 
such as British Telecom, the various space agencies or 
military bodies. even those who possess a satellite televi- 
sion receiver system do not participate in the technical 
aspects of these highly technological systems. 

There are a large number of amateur communications 
satellites in orbit around the world, traversing the globe 
continuously and they can be tracked and their sig- 
nals received with relatively inexpensive equipment. This 
equipment can be connected to a home computer such as 
the BBC Micro or |BM compatible PCs, for the decoding of 
received signals. 

This book describes several currently available systems, 
their connection to an appropriate computer and how they 
can be operated with suitable software. 


102 pages £3.95 
AERIAL PROJECTS 
R.A. Penfold 


The subject of aerials is vast but in this book the author 
has considered practical aerial designs, including active, 
loop and ferrite aerials which give good performances and 
are relatively simple and inexpensive to build. The com- 
plex theory and mathematics of aerial design have been 
avoided. 

Also included are constructional details of a number of 
aerial accessories including a pre-selector, attenuator, fil- 


ters and tuning unit. 
Order code BP105 £2.50 


96 pages 
INTERNATIONAL RADIO STATIONS GUIDE 
P. Shore 
Provides the casual listener, amateur radio DXer and the 
professional radio monitor with an essential reference 
work designed to guide him or her around the ever more 
complex radio bands. This new edition has been com- 
pletely revised and rewritten and incorporates much more 
information which is divided into the following sections: 
Listening to Short Wave Radio; Choosing a Short 
Wave Radio Receiver; How to Use the IRSG; Abbrevia- 
tions; Country Codes; Worldwide Short Wave Radio Sta- 
tions; European, Middle Eastern and African Long Wave 
Radio Stations; European, Near and Middle Eastern and 
African Medium Wave Radio Stations; Canadian Medium 
Wave Radio Stations; USA Medium Wave Radio Stations; 
Broadcasts in English; Programmes for DXers and Short 
Wave Listeners; UK FM Radio Stations; Time Differences 
From GMT; aad Hak bli Conversion. 


226 pages £5.95 
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amplifiers and filters; triggers and voltage comparators; 
gates and electronic switching; bargraphs; mixers; phase 
shifters, current mirrors, hold circuits, etc. 

Over 150 circuits are provided, which it is hoped will be 
useful to all those involved in circuit design and applica- 
tion, be they professionals, students or hobbyists. 


182 pages Order code BP321 £4.95 


CIRCUIT SOURCE BOOK 2 

R. A. Penfold 

This book will help you to create and experiment with 
your own electronic designs by combining and using 
the various standard “‘building blocks” circuits provided. 
Where applicable, advice on how to alter the circuit 
parameters is provided. 

The circuits covered are mainly concerned with signal 
generation, power supplies, and digital electronics. 

The topics covered in this book include: 555 oscillators; 
sinewave oscillators; function generators; CMOS oscil- 
lators; voltage controlled oscillators; radio frequency oscil- 
lators; 555 monostables; CMOS monostables; TTL monos- 
tables; precision long timers; power supply and regulator 
Circuits; negative supply generators and voltage boosters; 
digital dividers, decoders, etc; counters and display drivers; 
D/A and A/D converters; opto-isolators, flip/flops, noise 
generators, tone decoders, etc. 

Over 170 circuits are provided, which it is hoped will be 
useful to all those involved in circuit design and applica- 
tion, be they professionals, students or hobbyists. 


192 pages Order code BP322 £4.95 


HOW TO USE OP-AMPS 

E.A. Parr 

This book has been written as a designer's guide covering 
many operational amplifiers, serving both as a source book 
of circuits and a reference book for design calculations. 
The approach has been made as non-mathematical as pos- 


sible. 
Order code BP88 £2.95 


160 pages 
MICRO INTERFACING CIRCUITS - BOOK 1 
MICRO INTERFACING CIRCUITS - BOOK 2 
R.A. Penfold 
Both books include practical circuits together with details 
of the circuit operation and useful background informa- 
tion. Any special constructional points are covered but 
p.c.b, layouts and other detailed constructional informa- 
tion are not included. 

Book 1 is mainly concerned with getting signals in and 
out of the computer; Book 2 deals primarily with circuits 


for practical applications. 
Order code BP130 £2.75 
Order code BP131 £2.75 


BOOK 1 112 pages 
BOOK 2 112 pages 


ORDERING DETAILS 


Please state the title and order code 
clearly, print your name and address and 
add the required postage to the total 
order. 

Add £1 to your total order for post- 
age and packing (overseas readers 
add £2 for countries in Europe, or add 
£5 for all countries outside Europe, 
surface mail postage) and send a PO, 
cheque, international money order, 
(£€ sterling only) made payable to 
Direct Book Service or credit card 
details (including the card expiry date), 
Visa or Mastercard (Access) — minimum 
credit card order is £5 — quoting your 
name and address, the order code 
and quantities required to DIRECT 
BOOK SERVICE, 33. GRAVEL HILL, 
WIMBORNE, DORSET BH21 1RW 
(mail order only). 

Although books are normally sent 
within seven days of receipt of your order, 
please allow a maximum of 28 days for 
delivery. Overseas readers allow extra 
time for surface mail post. 

Please check price and availability (see 
latest issue of Everyday with Practical 
Electronics) before ordering from old lists. 

Note — our postage charge is the 
same for one book or one hundred 
books! 


MORE BOOKS NEXT MONTH 


Direct Book Service is a division of 
. Wimborne Publishing Ltd 


Tel: 0202 881749 
Fax: 0202 841692 
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VANN DRAPER ELECTRONICS LTD 
Alexander House, Bampton Close, 
Wigston, Leicester. LE18 2RZ 


( » | Tel: (0533) 813091 Fax: (0533) 570893 


omer matt unt oo ne quote ref £EP007 acl 
Please add £3.50 p&p. 







Digital Storage 2MHz Pulse 
Adapter Generator 
CONVERTS ANY SCOPE INTO A DSO 5002 AND TTL OUTPUTS 








£234.95 £175.00 inc VAT 


£14245 £89.00 inc VAT 










The Digital Storage Adapter has The Pulse Generator produces stable, 
been designed to give the fully adjustable pulse waveforms over 
operator full use of the oscilloscope the range 2Hz to 2MHz (500mS to 0.5:S) 
controls in either Store or Non- The waveform is simultaneously available 
Store modes. Several units may be from a TTL output & 500 output. 
connected together to produce Period and Delay. 

multiple channels. Range <500nS to =500mS in 7 decade 
Non Store B/W - dc to 2MHz. steps plus variable with overlap on all 
Store B/W - dc to 50KHz. ranges. 

Pre trigger - 0 & 50% Duty cycle - = 90% on all ranges. 
Accuracy - <3% 50 output - Variable 0 to 16V. 
Sampling Rate - 0.5KHz - 500KHz. TTL output - = 20 standard TTL loads. 
Supplied with 3 bnc leads, mains Rise & fall times <30ns. 

lead, cascade lead & manual. Supplied with mains lead and manual. 
Size - 225 x 175 x 90mm. Size - 225 x 175 x 90mm. 


Discounts of up to 25% also available on the following eqpt. 


MXS9000 MULTIINSTRUMENT CONTINUITY TESTER (WRIST STRAP CHECKER 
FREQUENCY COUNTERS ISOLATION AMPLIFIER EPROM PROGRAMMER 
Further details on all products in our free catalogue. 



























Chelmer Valve Company 
for 


High Grade Audio Valves f 


Major Brands e.g. Mullard, Brimar, Philips, GE (UK), GE (USA), etc. 
PDQ OO GIES cssaicenetexivertnsesssececs £12:00 GZ34 Mulllard..:....:.....ccecescssees £10.00 














EBOP PRIUMDS : isscascccestintssasecsinad’ £10.00 GZ37 Mullard............ccceeeceeec eens £7.00 
ECC81/CV4024 Mullard........... £6.00. OCA TIELS4GB. ca vesspesnancavetenesss £9.50 
ECC82/CV4003 Mullard........... £6.00 6L6GA Sylvania..............cccceeeeee £7.00 
ECC88 Mullard...............ccceeeeee £6.00 6SN7GT Brimar................ccceeee £4.50 








E88CC -Mullard..............cccssseees £8.50 .6V6GT. BEIM Gl. foi oscccccssesssZonescess £4.00 
EF86/CV4085 Mullard..:........... £8.50 12AT7WC Sylvania.................. £6.00 
EL84 Mullard...............cceceeeeeees £6.00.- GIAGB GE wisvesisvsdscssssiscstessecesvs £15.00 
EL84 GE (USA).......sccescesceceesoes £5.00 6550A GE ..........cccccscsscsscssvenes £15.00 





S752 Malar i isxsssacsscicnsavevavendes £8.00: “FSB1A AGE sissecedecovessunsanvcoosaveoss £12.00 
GZ33 Mullatd....-.ss.sssssssseeseeees £8.00 

CVe PREMIUM: Our own BRAND from selected worldwide 
sources, processed in our special facility to provide low 
noise/hum| microphony Pre-Amp Valves and Power Valves burnt-in 
for improved stability and reliability. 












PRE-AMP VALVES POWER VALVES - contd. 
BOCBILZAT faascsinatunizessarvedciinns ESO. BOAL TSI A ccsditursisniscotdaceteacians £5.10: 
1G OA b PA Oy Beeerrererree BEY, Wel OG: aiisssacnineislsscoutensnhincomemics £9.20 





ECC83/12AX7 Renner ener ree ee BOO! RUSS scssxicnrorevererssssnisisharansaeves £12.90 


eee ee eeeeeereseeeeees 







eee eee eee eee HOSE HEHEHE HEHEHE HHEEEEES 
COR e eee HHO HHH E HEHEHE HEE EEE EEES 


Pee rere eeer reser eseeeseseeeeseeesseeel 


cccccccccccceccccesecesesceoescecosoccooe ly Ces WEN VV NAN} SUL Beossvdossococsssssesssocecs 


EBICCI(GOUD PIN) ctisasccoteases : 
ESICCIGOLD PIN )ixeistarscsserees E600 G14 OD axicsccntncdsssssticrsascodeseoseces £10.20 
E83CC (GOLD PIWN)...00.scsecsbe%5 E600, OS SGA sccisencinrsnawnswsartissnsssenceesnen £30.00 
ESSCC (GOLD PIN). cssenecessanesze ETO O5DOA vee soscs cin sssnandnnipngeatanneantes £11.00 


POP ee Hee eee HHH HHH ESSE HHH HH HHH EEH OHS EEES 






eee ee eee ee eee eee eee ee) 








Seg ddecwcwegavcecccccocccceccseacesercsc else ey" WIL Seerevvesocoveccsssavvvessorerverrcsosesoes 


eee meee reer eeseeeeeeseeeseres 


PTERUERECOOEU CEES ESS eee 


rrr rr rrr rr rrr rerrr errr ree eee eat ey ) er de ee el 


POWER VALVES 
2A3 (OCTAL) or (4 PIN)......-.- 


POOP H ESSE EHS ES ESHEETS EHH SH EEET ESS 






SOOM OReHEeH HEHE HEHEHE THEE HEHEHE SEES 











bs ck eaceensaavaneeineneaeneuepenreeets , BO AAP CB) ccvcsinaseeccainsecrtsanesmanehs 
BE Ph vsacsckescsyassscswipraeiewindenestvess £9.50: BIAI(CHASS!S): sscciccessssndusssacexs £1.60 
A io ecccnsiexisavioresnseeseacueuccesiadead £79.90 GCTALI(CHASSIS)isienisdidicws.. £1.75 
EL SAQA T ceccvesasisreristaseiracint £7.50 -4-PEIN(UXA),.....sscvcdiscecceicredsessees £3.00 
BBA /OB5.vccictssssstsscsaasssinsvaains £4.00 4 PIN (for 211)...........ccscceeeceeeee £11.00 
The above is a small selection of items stocked. 
Add £1.00 per valve for matching if required. 
Plus Post & Packing £3.00 + VAT at 17.5% for UK/Europe. 
Send/Fax order with cheque or credit card details to:— 
Chelmer Valve Co., 130 New London Road, Chelmsford, Essex CM2 ORG 
“Fal: (0245) 265865. Fax: (0245) 490064 
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¥< TRANSMITTERS 






































AT LAST. A fully comprehensive, easy to 
follow guide to building short range 

micro transmitters. Packed with useful 
information and circuits. 


* How to build micro surveillance 
devices. 

* Radio mics. 

* Tracking and signaling 
transmitters. 

* Only £3.95 inc p&p. 


(Some of the circuits included can not be used legally in the UK) 


KITS 


MICRO FM TRANSMITTER. 1 mile range, very small 

including mic. Pick up on any FM radio. £6.95 

TRACKING FM. Transmits.a constant pulse tone that can be 

used for direction finding, tracking cars or animals etc. £8.50 

AM RADIO. Tuner and power amp that make a tiny AM radio. 

Will drive a small pair of headphones. Easy to make and 

fun to use. £8.50 
‘INFRA RED REMOTE CONTROL. Simple but effective remote 

control of relay switch up to 10 metres. Ideal for car alarms, 

light switches etc. Includes 240V relay. £10.50 


MUSIC KITS PREAMPS POWER AMPS 
Full range of on board units for guitars etc. — active tone 
controls/boosters, wah wah and other effects kits — send for list. 


Prices include P&P. Mail order only. 
Make cheques and postal orders payable to: 


JCG Ue 


3 Bainbrigge Road, Headingley, Leeds LS6 3AD. 


FCB Designer 


For Windows 3.0 & 3.1 
Runs on any PC running 
Windows in standard or 
enhanced mode 














‘..at that price many users will find it (PCB Designer) 
preferable to the freeware competition, or the more 
expensive commercial alternatives...’ 







... must have tried over a dozen PCB design programs 
in the last few years and PCB Designer is certainly the 
easiest to learn and use...’ 







R A Penfold 
Everyday with Practical Electronics 


Niche Software KN 


22 Tavistock drive, Belmont, Hereford, HR2 7XN 
Phone (0432) 264 800, FAX (0432) 264 800 





Please Note: Since PCB designer is so easy to use, and to keep costs down, PCB Designer has an On-Line 


manual, in Windows Help format. A tutorial is also supplied online. 
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PCB SERVICE 


Printed circuit boards for certain EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled 


and roller tinned. All prices include VAT and postage and packing. Add £1 per 


board for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday with Practical Electronics, 6 Church Street, Wim- 
borne, Dorset BH21 1JH. Cheques should be crossed and made payable to 
Everyday with Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are now held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days for 
delivery —overseas readers allow extra if ordered by surface mail. 

Back numbers.or potostats of articles are available if required — see the 
Editorial page for details. 


Please check price and availability in the latest issue. 
Boards can only be supplied on a payment with order basis. 


PROJECT TITLE 


Auto Garage Light 
Versatile BBC Computer Interface 
Economy Seven Timer 


Sonic Continuity Tester 


789 
Telephone Ringer 790 
Experimental Weighing Scale | 792 
12V Drill Charger/PSU (both boards) 793 
Digital Servo Interface 
Tie Pulser 
CCD Reverb Unit 
Switch-Mode Power Supply 


UV Exposure Timer 
Cricket Game 
Quick Prom 


800 
801 
803 


Gas Alarm 
Dual Metronome 


Ultrasonic Tape Measure 
Quicktest 


Extended Range Capacitance Meter 804 
Traffic Lights System 806 
Mini Lab MINI LAB 
EPE Altimet (Altimeter) 807 
Personal Stereo Amplifier 808 


Universal Infra-Red Remote Control 811T/811R 
Combination Switch 812 
Christmas Lights Colour Spectrum 813 


TV/UHF Aerial Amp (double-sided) 
Continuously Variable Balanced Power Supply 
Emergency Lighting Unit 


Biomet Pulse Monitor 
Sensor 
Display 


Biomet Pulse Monitor 
— ADC Interface (double-sided) 

Car Electric Window Enhancer 

Simplify Atari STFM Interface 

Personal Stereo Amp. Add-On 


Electronic Fire APR'93 


Mind Machine MKII — Signal Generator 
Ventilation Fan Timer 
Universal Data Logger 


Mind Machine Mkil — Magic Lights 
Superhet Radio Control Receiver 
Guitar Preamp and Distrortion Unit 
Linear Clock — Timing Board 

Display Board 
Universal Alarm Module 


Electronic Snooker Scoreboard 


Mind Machine MkII 

— Computer Interface 
Xenon Strobe 
Electronic Gong 
Micro Lab — p.c.b., EPROM, PAL and booklet 


- Bike Odometer (pair of boards) 
Amstrad PCW A to D Converter(double sided) 
Experimental Electronic Pipe Descaler 


Sound Activated Camera Trigger 
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PROJECT TITLE Order Code 


L.E.D. Sandglass 
Main and Display boards 

Kettle Alert 

Linear Power Supply (double-sided) 

Multi-Purpose Audio System 


Six Channel Stereo Mixer 





Multi-Purpose Audio System 
Microphone Pre-Amp module 
RIAA Pre-Amp module 

20 Metre Receiver 


Multi-Purpose Audio System 
Tone Control and 1W Stereo Amplifier 
Tone Control 
1W Stereo Amplifier 

Three-Way Christmas Tree Lights Flasher 

Auto Alarm 

250W/600W Battery to Mains Inverter 


Multi-Purpose Audio System 
10W + 10W Stereo Power Amplifier 
Amplifier 
Power Supply 
Pond Heater Thermostat 


Timer/NiCad Capacity Checker 


Multi-Purpose Audio System 
Balanced Microphone Preamplifier 
Balanced Microphone Power Suppy 

Whistle Controlled Light Switch 

Battery To Mains Inverter — U.P.S. charger board 


FEB'94 


Three Phase Generator 
Visual Doorbell 


CCD TV Camera — Control Board 
(double-sided, plated-through-hole) 


864 





Telephone Ring Detector 
CCD TV Camera 
Combined Video, Test & Ext Plug Boards 866a/e 
Frame Grab Control 867 
(double-sided plated-through-hole) 
EPE SounDAC PC Sound Board 868 
MOSFET Variable Bench Power Supply 869 


/ 


C0 ee Bae eg hee C”t:*~“‘<is:*‘*«‘s 


| EPE PRINTED CIRCUIT 
1 BOARD SERVICE 


Order Code Project Quantity Price 


| enclose payment of € ................. (cheque/PO in € sterling only to 


ASVAld SIVLIdVD WOOT1E 


Everyday with 
Practical Electronics 

VISA Access (MasterCard) or 
Ee =—CV isa No. Minimum order 


for credit cards £5 





BONE Oca soccnisinecsureenen oarsmen Ct Ex. DOG sisvsisscsscicvacrssetsnaris ’ 


Please supply name and addess of card-holder if different from the address shown I 
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_ REPORTING 


AMAIIEUIR VAD 


Tony Smith G4FAI 


SHAPE OF THINGS TO COME? 
According to a recent W5Y/ Report, the 
Department of Environmental Protection 
and Energy of New Jersey is proposing 
to charge a fee to owners of r.f. generat- 
ing devices. If approved, this proposal 
will require owners of sources of radio 
frequency and microwave radiation, be- 
tween the frequencies of 300kHz and 
100GHz, having the potential of expos- 
ing workers or the general public to 
specified radiation levels, to register their 
sources. 

An initial registration fee is proposed 
plus an annual renewal fee. If the 
scheme is approved, the average fee for 
commercial users will be around $500 
per antenna. No fees are mentioned 
for amateur radio stations. However, 
amateur radio is referred to in several 
sections of the proposal as being a 
significant source of radio frequency 
radiation posing health risks to the 
general public. 

Extensive r.f. radiation measurements 
by the U.S. Environmental Protection 
Agency have shown that sources likely to 
produce the highest environmental levels 
are TV and radio broadcast stations. 
Other significant but less intense sources 
of r.f. radiation are transmitting satellite 
earth station antennas, microwave point- 
to-point communications antennas, cel- 
lular telephone cell-site antenna base 
stations, amateur radio stations (see this 
column, November 1993), navigational 
aids and radar. 

A steady increase in the number of 
r.f. sources, coupled with a better un- 
derstanding of their biological effects 
on human beings has, according to the 
report, heightened concern in the scien- 
tific community, and among the public, 
about the potential adverse health effects 
from exposure to this type of radia- 
tion. The fees charged will support the 
employment of enforcement staff and it is 
anticipated this will have a positive im- 
pact in reducing the levels of r.f. radiation 
in the environment. 

So what has a proposal in the State of 
New Jersey to do with us in the UK? 
Well, as W5Y!I comments, if the NJ. 
proposal is implemented it could be jus- 
tification for a national ruling on radio 
frequency radiation. And if the USA as a 
whole adopts such a measure, how long 
will it be before other countries, including 
the UK, follow suit? 


IMPACT ON AMATEUR RADIO? 

Once enforcement staff are active, and 
seeking to justify their existence, how 
soon, too, before they start looking more 
closely at the radiation fields of amateur 
radio stations? Depending on how the 
levels of radiation are defined, and the 
range of fees imposed, such a regime 
could have a significant impact on the 
hobby, the types of antenna used, and 
the levels of r.f. power permitted from 
individual transmitters. 
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Coincidentally, the same issue of the 
W5Y/ Report has details of a news release 
from the Long Island Section of the In- 
stitute of Electrical and Electronics En- 
gineers about a.m. radio transmitters in 
Long Island, N.Y. These are estimated to 
waste 620 million watt-hours of electric 
energy each year, and to pose a radiation 
hazard to those in the vicinity of the high 
power transmitter sites 20dB (100 times) 
greater than needs be. 

This was concluded in a study by Dr. 
Stephen Blank, Professor of Electrical 
Engineering at New York Institute of 
Technology. His study further concluded 
that both the waste and the radiation 
hazard could be eliminated by changing 
from the present (FCC mandated) cir- 
cularly polarized method of transmission 
to vertical polarization. This, it is claimed, 
could be accomplished at low cost, and 
without sacrificing performance or area 
coverage, by changing the antennas at 
the transmitter sites. 

Of course, the power levels of amateur 
transmitters are only a fraction of this or- 
der, but it is worth re-quoting the conclu- 
sions of the EPA, which | mentioned last 
November. Precautionary measures were 
suggested for “ham shacks” which, says 
the EPA, should be sufficient to prevent 
exposure of the operator and other per- 
sons to r.f. levels in excess of protection 
guidelines. 

These measures included: 

* Using the minimum power necessary 
for a transmission. 

* Minimizing transmission time so that 
time-average exposures are acceptable. 
* Determining where high-field areas ex- 
ist and restricting access to them during 
transmissions. 

* Mounting antennas as high above the 
ground as practical. 

Under a_ fee-paying system as 
visualised above, such measures could 
well be the basis of a statutory code of 
practice, subject to inspections, and to 
penalties for failure to observe the code. 


YOUNG OPERATORS’ CLUB 

The Young Operators’ International 
Radio Club (YOP) is a Russian based 
international organisation of young 
people, under 30 years of age, intended 
to promote friendship and a _ better 
understanding of each other by sharing 
ideas and information about radio and 
other hobbies through radio com- 
munication and a newsletter. 

The organiser is Andy Trubachov, 
UA3PIP, who, while trying to improve 
his English by talking to other operators 
on the amateur bands, found that the 
majority were much older than him. At 
the same time he discovered there were 
younger operators too and he had the 
idea of bringing both licensed amateurs 
and SWLs under 30 together through an 
international club. 

He felt that a newsletter would extend 
their ability to communicate with each 


other, especially those restricted by their 
licences to VHF-UHF operation, while 
those trying to get into amateur radio 
would also be very welcome to join. The 
newsletter is planned to give members 
the opportunity to share their ideas and 
experiences of radio and other inter- 
ests, including computers, travel, music, 
languages, etc. 

The idea is still in its early stages, but 
Andy says “If you're under 30, male or 
female, and enjoy ham radio, join us! 
Let’s have fun together!’’ Anyone inter- 
ested is invited to send a photograph 
and brief information about themselves 
and their hobbies to Andy Trubachov, 
301 264 Tula Obl., Lipki P.O. Box 1, Rus- 
sia. A couple of IRCs for return postage 
would be helpful. 


NZ in CEPT 

New Zealand has become the first 
country outside Europe to participate 
in the CEPT Amateur Radio Com- 
mon Licence arrangement. Through 
the European Conference of Postal 
and Telecommunications Administra- 
tions (CEPT), the licences issued by 
more than twenty European countries, 
including the UK, are valid for tem- 
porary operation in each of the par- 
ticipating countries with the minimum 
of formality. 

A “table of equivalence” translates the 
classes of licence issued by each country 
to one of two CEPT classes. Class 1 
conveys full operating privileges, includ- 
ing h.f., and Class 2 gives full privileges 
above 144MHz. 

Novice licences are not at present 
included in the scheme, and those with 
limited h.f. privileges at home may be 
limited to v.h.f. by the CEPT licence. For 
example, New Zealand General class 
licensees qualify for CEPT Class 1 
privileges, and Limited class licensees for 
Class 2. UK Class B licensees also qualify 
for Class 2. 


ISWL CLUB STATION 

The International Short Wave League’s 
club call, GX4BJC or GX4BJC/P, will 
be active throughout 1994. A variety of 
modes and bands will be used, and will 
Originate from the location of a different 
ISWL member each month. 

The club’s QSL card will be sent to 
anyone who works or hears the station in 
operation and subsequently sends their 
own QSL or SWL reception report. 
These may be sent via the ISWL bureau 
or direct to Dave Beale GODBX, ‘‘Ken- 
wood”, London Road, Louth, Lincs 
LN11 8QH. As the ISWL is a voluntary 
Organisation an s.a.e. would be ap- 
preciated for direct OSLs. 

The ISWL bureau will forward QSLs 
or SWL reports to all ISWL members 
worked or heard on-the-air, and these 
should be sent to the club’s new QSL 
Manager, Tony Gale G7NUR, 115 Bruce 
Street, Swindon, SN2 2EN. 
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THE TRANSMITTER PEOPLE 


4 WATT PPO FM BROADCAST (Built) 
TRANSMITTER: with Low Pass Filter 


Modulation 


Audio Input 
Frequency range 
Stability 


75KHz Wide Band 
up to 4:2 miles 
10-16 Volts AC/DC 


100mV (ADJ) 
88-108MHz FM 
+ 20KHz 


W. 70mm, D. 90mm, H. 50mm. 


MANY USER CONTROLS 


Price: £23.50 


7 WATT PPO FM BROADCAST 
(Built) TRANSMITTER: Higher Watt 
Version of above Transmitter 


(Range 7 miles) 


KIT: 3 WATT TRANSMITTER 80-108MHz 
Coil Tank Controlled up to 3 miles range. 


Supply 12V dc at 0-5 amps 


Price: £12.50 


ALL PRICES INCLUDE VAT 
PLEASE ADD £1 P&P PAYMENT WITH 
ORDERS TO: 

DELCIA ELECTRONICS, 

14 ST. MERYL PARK, GLEN ROAD, 


BELFAST, BT11 8FY. 


24 Hour Turn Around 


Please send Two 1st class stamps for our catalogue. 








VARIABLE VOLTAGE 
TRANSFORMERS 


INPUT 220/240V AC 50/60 
OUTPUT 0-260V 


Price P&P 
0.5KVA 2.5 amp max £31.90 £6.00 
(£44.53 inc VAT) 
1KVA 5 amp max £41.15 £7.00 
(£56.58 inc VAT) 
2KVA 10 amp max £59.40 £8.50 
(£79.78 inc VAT) 
3KVA 15 amp max £78.65 £8.50 
(£102.40 inc VAT) 

5KVA 25 amp max £139.15 


(Plus Carriage) 
Buy direct from the Importers. Keenest prices in the country 
COMPREHENSIVE RANGE OF 
TRANSFORMERS-LT-ISOLATION & AUTO 
110-240V Auto transfer either cased with American socket and 
mains lead or open frame type. Available for immediate delivery. 


WIDE RANGE OF XENON FLASHTUBES 


Write/Phone your enquiries 


ULTRA VIOLET BLACK LIGHT 
FLOURESCENT TUBES 
4ft 40 watt £12.00 (callers only) (£14.10 inc VAT) 
2ft 20 watt £7.44+ £1.25 p&p (£10.21 inc VAT) 
) 
) 





12in 8 watt £4.80 + 75p p&p (£6.52 inc VAT 
Yin 6 watt £3.96 + 50p p&p (£5.24 inc VAT 
6in 4 watt £3.96 + 50p p&p ' (£5.24 inc VAT) 
230V AC BALLAST KIT } 
For either 6in, 9in or 12in tubes £6.05 + £1.40 
p&p (£8.75 inc VAT) 
400 WATT UV LAMP 
Only £38.00+ £4.00 p&p (£49.35 inc VAT) 


160 WATT SELF BALLASTED BLACK 
LIGHT MERCURY BULB 
Available with B.C. or E.S. fitting. 
@ Price inc VAT & p&p £25.55 


12V D.C. BILGE PUMPS 

500 GPH 15ft head 3 amp £19.98 

1750 GPH 15ft head 9 amp £34.55 

Also now available: 

24V D.C. 1750 GPH 15ft head 

5 amp £35.55 

All designed to be used submerged. 

PRICES INCLUDE P&P & VAT 

EPROM ERASURE KIT 

Build you own EPROM ERASURE for a fraction of the 

price of a made-up unit kit of parts less case includes 

12in 8 watt 2537 Angst Tube Ballast unit, pair of bi-pin 

leads, neon indicator, on/off switch, safety microswitch and 

* circuit£15.00+ £2.00 p& £19.98 inc VAT 

SUPER HY-LIGHT STROBE KIT 
Designed for Disco, Theatrical use etc. 

Approx 16 joules. Adjustable speed £50.00+ £3.00 p&p 
(£62.28 inc VAT) 

Case and reflector £24.00+ £3.00 p&p (£31.73 inc VAT). 

SAE for further details including Hy-Light and in- 

dustrial Strobe Kits. 












TEL: 081-995 1560 


Showroom open 
Monday/Friday 











SERVICE TRADING CO 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 
ACCOUNT CUSTOMERS MIN. ORDER £10 


““BOFFINS SPECIAL“ — 
UNIQUE OFFER 


Surplus Precision Medical Unit, internally in excel- 
lent condition. Designed primarily to eject a precise 
controllable amount of fluid from a medical syringe 
(latter not supplied). Contains the following remov- 
able components: Dual Micro Processor Boards and 
EPROMS. Escap Precision 12V DC Motor with 
300:1 Gear Box and optical encoder coupled to a 
precision threaded drive mechanism. Mains supply 
with 6 x 1.5V Ni-Cad A.A. cells back-up. L.C.D. 
Digital read-out 17mm high with legends. Audible 
warning. 
These are sold for the dismantling of the exceptional 
quality components. Regret no. Circuits available. 
Ridiculously low price: £16.00 + £4.00 p&p 
(£23.50 incl VAT) 
12V D.C. GEARED MOTOR 
12V D.C Reversible precision-built Motor Output 
speeds no load approx. 12V-26 rpm; 9V-20 rpm; 6V-12 
rpm. Will work at lower voltages and still retain a 
reasonable torque. Ideal for robotics etc. Size: L. 
40mm. W. 29 mm. H. 39mm. Shaft: 3mm dia x 10mm 
long. Price: £8.00 + 50p p&p (£10.00 inc. VAT) 
TORIN CENTRIFUGAL BLOWER 
230V AC, 2,800 RPM, 0.9 amp, 130mm diameter, im- 
pellor outlet 63 x 37mm, overall size 195 x 160 x 
a long. Price £17.50+ £2.50 p&p (£23.50 inc. 
VAT) 













































SOLID STATE RELAY 
7 amp (a 240V. A.C. when mounted on suitable Heat- 
sink. Can be driven from T.T.L. or Computer output be- 
tween 3-10V D.C. Size: 24mm x 17mm x 15mm high. 
Fixing centres 30mm (TO-3). Price: £3.00 +40p p&p 
(£4.00 inc. VAT) ; 
GEARED MOTORS 
71 RPM 20lb inch torque reversable 115V AC in- 
put including capacitor and transformer for 240V AC 
operation. Price inc VAT & p&p £27.73. 


SOLID STATE EHT UNIT 

Input 230/240V AC, Output approx 15KV. 
Producing 10mm spark. Built-in 10 sec timer. 
Easily modified for 20 sec, 30 sec to continuous. 
Designed for boiler ignition. Dozens of uses in the 
field of physics and electronics, eg supplying neon 
or argon tubes etc. Price less case £8.50+ £2.40 
p&p (£12.81 inc VAT) NMS 


SAVE POUNDS !!! 


Build your own forged bank note detector. Can 
detect counterfeits amongst a quantity of notes. 
Complete kit of parts less case. 240V a.c., includ- 
ing 6” nV black light tube, starter and holder, a pair, 
b1-pin tube holders. Total price including p&p & 
VAT only £13.99. 





MICROSWITCH 
Pye 15 amp changeover lever microswitch, type $171.. 
Brand new. price 5 for £7.05 inc VAT & p&p 

WASHING MACHINE WATER PUMP 

Brand new 240V AC fan cooled. Can be used for a 
variety of purposes. Inlet 1%in., outlet 1in. dia. Price 
includes p&p. & VAT. £11.20 each or 2 for £20.50 
inclusive. 








FAX: 081-995 0549 
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FAULT LISTS FOR TV AND VIDEO 


Out latest range of FAULT LISTS for Television and /\%, 
Video Recorders cover a VAST selection of Faults / | 
for Dozens of different Makes and Models. These | {ji 
Guides which are ONLY available direct wo ny 
from us will prove invaluable to the busy h%), >| = 
Service Department. The 3 books are XS (( | (a4 
normally £5.95 each but if you order the ¥ I< 

full set at once they are just £14.95 \\ 
inclusive of postage and packing. Full details 
of the contents are shown in our FREE & 
catalogue. 


Just £14.95 for the full set. Order MP-277. 


The above are just three from hundreds of Technical 
and Repair books we publish. From Valve Data to 
Video Recorders with everything else in between. We 
also have what is probably the largest range of 
Service Manuals available anywhere, for practically any 


Make, Model, Type or Age of equipment. 
range ..of . Technical Books. and. Repair 


Guides complete the coupon below. — 
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MAURITRON TECHNICAL SERVICES (EPE277), 
47A High Street, Chinnor, Oxon, OX9 4DJ. 
Tel:- 0844-351694. Fax:- 0844 352554. 


Please forward your latest catalogue for which I enclose 2 x Ist Class Stamps. 
NAME 
ADDRESS 


























For your FREE catalogue detailing our full 





















POSTCODE 


A LIBRARY = 
OF IBM-PC SOFTWARE 
at your fingertips 


SHAREWARE is the TRY-BEFORE-YOU-BUY APPROACH TO SOFTWARE: 
You pay a nominal charge for program distribution to cover disks, copying, carriage, etc. 


ONLY IF YOU FIND A PACKAGE USEFUL 
ARE YOU THEN REQUIRED TO PAY A REGISTRATION FEE 
(to the software author), which allows you to continue using it. 


THIS CAN WORK OUT CONSIDERABLY LESS EXPENSIVE THAN BUYING SIMILAR 
SOFTWARE IN THE CONVENTIONAL WAY. 


Electronics design on your PC 
- Now simple & AFFORDABLE ! 
ENGINEERING - GRAPHICS - BUSINESS - PC-TUTORIALS 
- CALCULATIONS - SCIENCE - EDUCATION . 

Re-inventing the wheel? Don't do it!! Quicky select software tailored to your needs 
from the many 1000's of packages available in the Public Domain, and as 
Shareware. We distribute IBM-PC compatible programs exclusively 
on carefully grouped sets of high quality disks . 

- which saves you time, and money. 


Ask for our latest catalogue! 
CAD/CAM - PCB DESIGN - CIRCUIT EMULATION & TEST 
- PC-ENGINEERING - RADIO - COMM'S 


Profile Electronics (EPE) 
“Getting the job done" 


100-102 Woodhouse Road, Leytonstone, London, E11 3NA. 
Tel: 081-470 2038 (24 hours) Mail order only 
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CLASSIFIED 





Everyday with Practical Electronics reaches twice 
as many UK readers as any other independent 
monthly hobby electronics magazine, our audited 
sales figures prove it. We have been the leading 
independent monthly magazine in this market for - 
the last nine years 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and 
. semi-display pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre 
(minimum 2.5cm). The prepaid rate for classified adverts is 30p (+ VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday with Practical Electronics. VAT must be added. Advertise- 


ments, together with remittance, should be sent to Advertisements, Everyda 


Church Lane, Great Holland, Essex CO13 OJS. Phone/Fax (0255) 850596. 
For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 


y with Practical Electronics, Holland Wood House, 









NEWMARKET 
TRANSFORMERS LTD 
Mail Order Transformer Specialists. 
Toroidal and Laminated Transformers, 
3VA to 1kVA. 

Fast delivery. Competitive prices. 
Quality guaranteed. 

Phone: Michael Dornan 
on 0638 662989 for Immediate Quote 









RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
1 to 24 volts up to % amp. 1 to 20 volts up to 1 amp. 1 to 16 volts up to 1% 
amps d.c. Fully stabilised. Twin panel meters for instant voltage and cur- 
rent readings. Overload protection inc 
Fully variable. wee Wada Bote £45 ‘ 
Operates from ss ee VAT 
240V a.c. - = + Post and 
Compact unit. I. £4 
Size 9x5%x3in. eee insurance 
NEW MODEL. Up to 38volts d.c. at 6 amps. 10 amps peak. Fully variable 
Twin panel meters. Size 14% x 11 x 4%in. £96 inc VAT. Carr £6. 
RADIO COMPONENT SPECIALISTS 
337 WHITEHORSE ROAD, CROYDON 
SURREY, U.K. Tel: 081-684 1665 
List, Large SAE. Delivery 7 days. Callers welcome. Closed Wednesday 


TECHNICIAN | 
FULL-TIME TRAININ 


THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
AN EQUAL OPPORTUNITIES PROGRAMME 


O.N.C., O.N.D. and H.N.C. 


Next course commences 
Monday 25th April 1994 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: 071-373 8721 | 


MAIL ORDER 
Extensive range of over 40,000 items including 
electronic components, computer hard/software 
all at competitive prices. Please specify the 
components required e.g. resistors, capacitors, 
diodes etc. and send two first class stamps for 
relevant price lists:— 
LB INTERNATIONAL 
76 Knighton Road, Leicester, LE2 3HUJ. 


NUMBERS FOR SALE 
Primes of up to 65050 digits, factorials 
to full precision, powers, trig. tables to 
100 d.p. From £3.00. All on 5%” disks. 
Details from:— | 


/ NUMERICAL DATA SUPPLIES 
44 Norgate Rd., Norwich, NR4 7BT 


AMAZE YOUR FRIENDS! 


With this superb burglar alarm kit. Triggered by minute 
changes in air pressure caused by doors or windows 
being forced. One unit can cover the whole house. This 
alarm features entrance/exit delay and auto-reset. No 
installation required. Operates for months on batteries or 
mains adaptor (not included). Kit includes case, 100dB 
Sounder and full instructions. This professional alarm 
normally sells for over £120 but is now available in kit 
form for an incredible £29.95 including VAT and P&P. 
Cheques/PO please to:— 


Cope Electronics Ltd., 5 Baird House, Dudley Innovation 
Centre, Kingswinford, West Midlands DY6 8XZ 
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INTERNATIONAL 
HOME STUDY 
DEGREE COURSES 
Earn your Degree entirely by correspondence through 
Earlscroft University: 
* Liberal Arts & Sciences 


* Tailor-Made Programmes 
* Credits for Life Experience & Prior Learning 
* Bachelors, Masters, Doctorates 
* Entry at any time 
Details: Dr. J. East, E.U.1. 
Redgrove House, 393 Lordship Lane, Dulwich, 
London SE22 8JN 





Arlington “F’’ Pack — Capacitors 
£10.50 — per pack. (All individually packed and labelled. — inc. p&p). 


Tantalum Bead 5x 220uF 6-3V) 2 packs £17.50 
(These alone would [20x 47yF  T6Vi10x 4° 7urF 16V 
1 






cost you £17.40!!!) 
Moulded Radial Crm. 
Dipped-Radial 
Multilayer Ceramic 68p 

Over 200 capacitors! 
Miniature Polyester +50 x 1N4148 diodes 


Axial electrolytic [15x  47yF — TOV] free with each pack!! 
Arlington Electronics, 2 North View, Shebbear, Beaworthy, Devon, EX21 5SF 
Don't send cheque until you have scrutinised your catalogue prices!! 

_ Write, or phone 0409-281 623 for further (I.C., res., pot., etc.,) lists! 


Carbon Film Resistors -25W 5%. 
Carbon Film Resistors -5W.5%. 
Great many values including specials. 
100 off per value 60p incl. VAT. 
Very large stocks electronic 
components - lists 40p stamp. 
N.R. BARDWELL LTD., 


288 Abbeydale Road, Sheffield S7 1FL. 
Phone 0742 552886. Fax: 0742 500689. 












This 2'’2cm space in 
Everyday with 
Practical Electronics 
Would ONLY cost you 


£20 + VAT 


THE BRITISH AMATEUR 
ELECTRONICS CLUB 
exists to help electronics enthusiasts by personal 
contact and through a quarterly Newsletter. 
For membership details, write to the Secretary 
Mr. J. F. Davies, 70 Ash Road, Cuddington, 
Northwich, Cheshire CW8 2PB. 





EVERYDAY( ss 
‘PRACTICAL 


i 


SUBSCRIPTION ORDER 
FORM 


Annual subscription rates 
(1994): 

UK £22.00. Overseas £28 
(surface mail). £45.50 (airmail) 
To: 

Everyday with Practical Electronics, 
6 Church Street, Wimborne, 

_ Dorset BH21 1JH 


Tel: 0202 881749 Fax: 0202 841692 





Miscellaneous 


PROTOTYPE PRINTED CIRCUIT BOARDS 
one offs and quantities, for details send s.a.e. 
to B. M. Ansbro, 38 Poynings Drive, Sussex 
BN3 8GR, or phone Brighton 883871. 

G.C.S.E. ELECTRONICS KITS, at pocket 
money prices. S.A.E. for FREE catalogue. 
SIR-KIT Electronics, 70 Oxford Road, Clacton, 
CO15 3TE. . 

PLDs and EPROMS copied or programmed. 
We supply logic devices/convert discrete logic to 
PLDs. Also PCBs designed. Send for details to 
PO Box 1561 Bath (0225 444467). 
MICROCONTROLLER based single board 
computer system. RS232 interface, non volatile 
ram, software download from PC. From £32. 
Details 0642 480620 after 6 p.m. 

WOOF! Barker GS10 intruder deterrent kit 
£29.95. The best? Four 25p stamps gets demo 
tape. D. Hirst, 176 Lister Ave, Bradford, W. 
Yorks. 

WANTED SAGE SUPERMOS, audio modules 
in excellent working order. Phone Jonathan on 
(0384) 296823 evenings. 

SURVEILLANCE’ KITS, tuneable  80- 
11SMHz, 500m range, detailed instruc- 
tions. MICRO TRANSMITTER: | sensitive 
microphone, 20x28mm; £8.95 . assembled; 
kit £4.95. TELEPHONE TRANSMITTER: 
powered from line, transmits both sides of 
conversation; £11.95 assembled; kit £6.95. 
Cheques/PO’s: Excel Products, (EPE4), Unit 14, 
Sunningdale, Bishop’s Stortford, Herts 
CM23 2PA. 

MICRO LAB., professionally assembled. 
EPROM, PAL, booklet, EPE tutorials, excellent 
condition, bargain, £125. Tel: 0297 24029. 












SURVEILLANCE KITS 
MICRO TRANSMITTER, tuneable 70-115MHz, 500M 
range, 40mm x 20mm including microphone, 3-12V. Kit 
£5.95, Assembled £9.95. Order Code KT1. 

TELEPHONE TRANSMITTER, 30mm x 10mm, powered 
from line, transmits both sides of conversation, 500M range, 
88-130MHz. Kit £7.95, Assembled £12.95. Order Code KT3. 
3 WATT TRANSMITTER, 80-110MHz, 12-15V, adjustable 
input sensitivity, varicap controlled, several miles range, Kit 
£15.95, Assembled £25.95. Order Code KT4. 

All prices include p&p. 
Credit card orders telephone 021 486 3092. 
Send 2x1st class stamps for Catalogue. Cheques/P.O.s payable to: 


C.E.C. 
(Dept. EPE), 515A Bristol Road, 
Birmingham B29 6AU 















| enclose payment of £ 


(cheque/PO in £ sterling only, payable to 
Everyday with Practical Electronics). Alternatively 
send Access or Visa number and card expiry date. 


‘Signature 


Please supply name and address of card-holder if different 
from the subscription address shown above. Subscrip- 
tions can only start with the next available issue. 
For back numbers see the Editorial page. 





Everyday with Practical Electronics, April, 1994 
































MAKE YOUR INTERESTS PAY! 


Over the past 100 years more than 10 million students throughout the world have found 
it worth their while! An ICS home-study course can help you get a better job, make more 
money and have more fun out of life! ICS has over 100 years experience in home- study 
courses and is the largest correspondence school in the world. You learn at your own 
pace, when and where you want under the guidance of expert ‘personal’ tutors. Find out 
how we can help YOU. Post or phone today for FREE INFORMATION on the course of your 
choice. (Tick one box only!) 


C TV, Video & 
Basic Electronic 


Hi-Fi Servicing © 
b - : : ea Refrigeration &. 
Engineering (City & Guilds) Air Conditioning 
Electrical Engineering [] 
Electrical Contracting/ C Computer 





























Electronics 















Car Mechanics 
Installation Programming 
GCSE/GCE/SCE over 40 examination subjects to choose from 











Name A ress 





International Correspondence Schools Dept ECS 44 
| ics 312/314 High Street, Sutton, Surrey SM1 1PR or 041-221 7373 (24 hours). 











INFOTECH & STREE= 


76 Church St, Larkhall, Lanarks, ML9 1HE 
Phone (0698) 883334/888343 or Fax (0698) 884825 






Remember: Not only do we have every sheet ever produced, but we also have 
The World’s Largest Collection of 
SERVICE MANUALS & CIRCUITS 












We are now successfully running a Library Service which allows you to borrow any 
manual you want for as long as you want, and when you need another manual, just return 
the one you have, plus a £3.95 exchange fee and tell us what you want next. 


Borrow any Service Manual for £3.95 
regardless of its size or normal cost 


The cost of this service is a yearly subscription fee of only £59.95. Join now & get a free 
‘Data Ref Guide’. 


COMPONENTS 
For TV * Video 
PANUre lle me. an @relanlelenecii 


. WE CAN SUPPLY A VAST RANGE OF SPARES for many 
makes of TV, Video, Computer & Audio Equipment. WRITE 
(Encl. s.a.e. please) or PHONE 


FORA TPRICE & AVAILABILITY’ TARY 


COMPUTER SPARES 
PHILIPS MONITORS SPECIAL OFFER 
BM7513 Serv. Manual Sinclair, Atari 
CM8833 Serv. Manual 
CM8833 Line O/P Tx.....£24.04 TNN SAUMMNMSRERCIS 
CM8833 to Amiga Lead...£8.29 40064 ROM (+2)... 
CM9073 O/O Switch 


, ; ZX8302 ULA (QL ; 
CM11342 Line O/P Tx....£28.51 SY BA A eee oak pr 
AMSTRAD C025913 DMA (ST) 

CPC464 User Manual.. Keyboard CPU (ST) 
CPC464 Keyboard : PC713V (STE-PSU) 
6569 VIC (C64) 

Most Amstrad parts available ey ee (C16) . £4. 49 

FLYBACK TRANSFORMERS Further savings for (5+) 
DIGITAL VT320 05 quantities. Please enquire. 
We can supply many other types. Cg 4/64C Serv. Manual. .£14.99 
We only show a small sample C64C User Manual 
of our range. Batteries, Leads, 906114-01 PLA (C64) 
ribbons also stocked. 8372B (A3000) 


MARAPET (EED) 
1 HORNBEAM MEWS 
GLOUCESTER GL2 QUE 


VIDEO SPARES 
We can supply Pinch Rollers, Idlers, Belt 
Kits, Heads + many other Service & 
Specific parts for over 160 makes. 
TV - SATELLITE 
AUDIO SPARES 
Switches, Transformers, Semiconduc- 
tors, etc., etc. Large range available. 
EQUIPMENT MANUALS 
Large selection of Manufacturers 
Service & User information available. 
Original manuals supplied if possible. 
SEMICONDUCTORS 
We can supply thousands of different 
Custom & Industry Standard devices. 
£1.50 TDA4601 
£4.99 UC3884 
£2.43 UM6522 
£5.17 UPC1378H 
£2.85 UPC1397C 
STK41411I £8.79 2SK301R 
TA7280P £6.88 27C256-200.. £2.98 


Order by Post or Phone. VISA, ACCESS, 
DELTA & SWITCH accepted with pleasure. 
Minimum P&P charge is £1.25 — Please then 
add extra 50p if ordering a Manual or LOPTx. 
All items subject to availability. 


Prices can change without notice. psadehans 


200 Signal diodes 1N4148 
75 Rectifier Diodes 1N4001 
50. Rectifier Diodes 1N4007 
56 Rectifier Diodes 1N5401 
100 Asstd. Zeners 
10 NE555 Timer ICs 
30 BC478 Transistors 
8 BFY51 Transistors 
30 BC558 Transistors 
30 MPSA42 Transistors . 
30 Smm red 1.€.4.5S............cceeeeeeeeeee eee £1.00 
25 Asstd. high brightness I.e.d.s.......... £1.00 
24 Miniature red l.e.d.s 3mm dia 
Axial |.e.d.s (Diode package) wide 
ONGIS OOS sicihcccdeeesnestancccocndoviciovess £1.00 
Asstd. seven segment displays 
Asstd. IF transformers 
Asstd. coil formers 
Asstd. RF chokes (inductors) 
Asstd. connectors edge-dil-sil etc...£1.00 
4P 3W MBB min. rotary switches 
1 inch Glass reed switches 
Magnetic ear pips plus lead & plug..£1 00 
Min SP/CO slide switches 1.00 
Asstd. d.i.l. sockets up to 40 pin 
24-way turned pin IC sockets 
24 pin d.i.l. wire wrap IC sockets 
ORP12 light dependant resistors 


5mm plastic l.e.d. holders (for 
tapered |.e.d.s) 

Asstd. disc ceramic capacitors 
Asstd. capacitors inf to 1uf 
Asstd electrolytic capacitors 
1UF 16V Radial electrolytics 
4.7UF 16V Radial electrolytics 
4.7UF 63V Radial electrolytics 
10UF 16V Radial electrolytics 
10UF 50V Radial electrolytics 
22UF 25V Radial electrolytics 
33UF 16V Radial electrolytics 
100UF 10V Radial eletrolytics 
220UF 16V Radial electrolytics 
470UF 10V Radial electrolytics 
1000UF 10V Axial electrolytics 
1000UF 25V Axial electroitics 

1 Farad 5.5V memory back up 
capacitor 

4N7 Mini Axial capacitors 

10 watt Stereo amplifier, 4 controls 
plus data.. 


Prices include VAT, postage £1.25. Stamp for Lists 
288 Abbeydale Road, Sheffield S7 1FL 
Phone (0742) 552886 Fax (0742) 500689 


Everyday with Practical Electronics, April, 1994 






















| Used 8748 Microcontroller 








OMNI ELECTRONICS 


174 Dalkeith Road, Edinburgh EH16 5DX * 031 667 2611 














Inverter toroidal transformers 225VA 10-5-0-10-5V 
primary 0-260-285V secondary 

LEDs 3mm or 5mm red or green 6p each, yellow 
11p each. High intensity red, green or yellow, 
5mm 30p each. 

Cable Ties 1p each, £5.95 per 1000, £49.50 per 
10,000. 


Small stepping motor 4-phase 12V 7-5° step 
£8.95 


High quality photo resist copper 
clad epoxy glass boards 
Dimensions single-sided double-sided 
3x4 inches £0.95 £1.07 
4x8 inches £2.40 £2.68 
6x12 inches £5.37 - 
12x12 inches £10.66 


RECHARGEABLE BATTERIES 
AA (HP7) 500mAH 


C 2AH with solder tags 

D 4AH with solder tags 

1/2AA with solder tags 

AAA (HP16) 180mAH 

AA 500mAH with solder tags 

C (HP11) 1-8AH 

D (HP2) 1-2AH 

PP3 8-4V 110mAH 

Sub C with solder tags 

1/3 AA with tags (Philips CTV) 

Standard charger, charges 4 AA cells in 5 hours 
or 4Cs or Ds in 12 to 14 hours + 1xPP3 (1, 2,3 
or 4 cells may be charged at a time) 

High power charger, as above but charges the 
Cs and Ds in 5 hours; AAs, Cs and Ds must be 
charged in twos or fours £10. 


SPECIAL OFFERS - PLEASE CHECK 


FOR AVAILABILITY 

F cells 32dia. x 87mm 

F cell with solder tags, 1:2V 

42mm x 16mm dia. 1:2V 

Stick of 4171mm x 16mm dia., with red 
and black leads 4:8V 

4 cell battery 94mm x 25mm dia. 

(1/2C cells) 

Computer grade capacitors with screw terminals, 
38000pF 20V £2.50; 87000uF 10V £1.95; 
68000pF 15V £2.95; 10000pF 16V £1 50: 
58000pF 60V £4.95 

7- — common anode |.e.d. display, 


12m 

LM2931 AT 5.0 low drop out 5V 

regulator T0220 package £0.85 
7812 and 7912 12V 1A regulators. .£20.00 ie 100 
LM337K TO3 case variable regulator 1.60 

100+ £1.10 each 

GaAs F.E.T. low leakage current $8873 £12.95 

each, £9.95 10+, £7.95 100+ 
BS250 p-channel MOSFET 45p 
BC559 transistor £3.95 per 1 00 
i £10.00 per 100 


SL952 UHF Limiting amplifier, LC 16 surface 
mounting package with data sheet 
$02 £1.25 each; 90p 100+ 
10p 100+, 6p 1000+ 
Sinclair light gun terminated with a jack plug and 
PP3 clip gives a signal when pointed at 50Hz 
flickering light, with output waveform chart ..£3.95 


* MAIL ORDER - generally by * 
RETURN OF POST 


= * FRIENDLY SERVICE x 


OPEN: 
Monday-Thursday 9.15 - 6.00 
Friday 9.15-5.00 
Saturday 9.30-5.00 


The supplier to use If you're looking 
for:— 


DC-DC converter, Reliability model, V12P5, 12V 
in 5V 200mA out, 300V input to output isolation, 
with data £4.95 each or pack of 10 —- £39.50 

Hour counter used 7 digit 240V a.c. 50Hz...£1.45 

sso aiaal keyboard, 58 key good quality weer 


Kirpax A82903-C large stepping motor 14V 
7-5° step, 27 ohm, 68mm dia. body, 6.3mm 
£8.95 or £200.00 for a box of 30 
Polyester capacitors, box type, 22.5mm lead pitch 
0-9uF 250V d.c. 18p each, 14p 100+, 9p 1000+ 
1pF 250V d.c. 20p each, 15p 100+ , 10p 1000 + 
2:2uF 250V d.c. 30p each, 20p 100+ , 15p 1000 + 
3-3uF 100V d.c. 30p each, 20p 100+, 15p'1000 + 
1,F 50V bipolar electrolytic axial leads, 15p each, © 
7-5p 1000 + 
0-:22u.F 250V polyester axial leads, 15p each, 
100+ 7-5p each. : 
Philips 123 series solid aluminium axial leads, 
33puF 10V & 2.2uF 40V 40p each, 25p 100+ 
Philips 108 series 22uF 63V axial 
30p each, 15p 1000+ 
Multilayer AVX ceramic capacitors, all 5mm 
pitch, 100V 100pF, 150pF, 220pF, 10,000pF 
(10n) 10p each, 5p 100+, 3.5p 1000+ 
500pF compression trimmer 60p 
40,.F 370V a.c. motor start capacitor (dialectrol type 
containing no p.c.b.s) -95 or £49.50 for 10 
Welwyn W23 9W 120 ohm 35p each, 20p 100 + 
680 ohm 2W metal film resistor 
4p 100+, 2p 1000+ 
Solid carbon resistors, very low inductance, ideal 
for r.f. circuits, 270hm 2W, 680hm 2W 25p each, 
15p each 100+ 
we have a range of 0:25W, 0-5W, 1W and 2W 
solid carbon resistors — please send SAE for list 
Inteligent 4-digit alphanumeric (5x7 dot 0-145”) 
red LED display, 12 pin 0-6 inch wide package, 
Siemens type DLR1414 £2.50 each, £2.00 30+, 
data sheets £1.00 
AMD 27256-3 EPROMS £2.00 each, £1.25 100+ 
DIL switch 3PCO 12 pin (ERG SDC-3-023) 60p 
each, 40p 100+ 
Disk Drive Boxes for a 5:25 disk drive, with room 
for a power supply, light-grey plastic 67mm x 
268mm x 247mm £7.95 or £49.50 for 10 
Handheld Ultrasonic remote control ‘ 
CV2486 gas relay 30mm x 10mm dia. with 
° wire terminals, will also work as a neon 
ight 20p each, £7.50 per 100 
a2s 12V battery for car alarms or lighters 
75p each, £50 100+ 


All products advertised are new and 
unused unless otherwise stated. 


Wide range of CMOS TTL 74HC 74F Linear 
Transistors kits, rechargeable batteries, 
capacitors, tools etc. always in stock 


Please add £1.95 towards P&P 
_ VAT included in all prices 


JPG ELECTRONICS 
Val eal ko @1 a¥-h &hV,V.0) @ dale oter-[e 
Chesterfield S40 2BH 
Access/Visa Orders: 
(0246) 211202 


Callers welcome 
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VOLTAGE REGULATORS 





DIODES (piv/amps) 
















TRANSISTORS 





BC184, 184L, BC212, 212L - 10p 






BFY50/51/52 - 20p. 










400 watt IBM L-shaped p.s.u., 
115-240V Input, Outputs + 5V 
45A, +12V 13A, —5V0-5A, 


Everex network cards + software 

and manual £29.9 
Electret condensor mics 

£1 ea 10 for £5* 

5%” to 3%” floppy convertor 

leads £1.50 ea* 
360K 5%” customer returned 

disk drives 
9-pin High Density VGA 


10A 250V IEC leads 
Spectrum 128K + 2 p.s.u. 


Output, (converts to 12V 3A, 
details supplied) 
Temperature probes, with 
data 
Universal Timer (10 min. 
delay and 20 min. cut-off 
functions) £3.95" 
Dictaphone cassette mech. £2.00* 
35mm Camera returns, with 
auto flash, wind on, etc. 
£6 ea, 2 for £10 
16 Character x 2-line dot 
matrix display + data 
40 Character x 1-line dot 
matrix display £4.95" 
Car Dashboard Display (shows 
lights, indicators, doors, 
on picture of car) 
4-digit clock display 
4-digit I.c.d. with 7211 


17-digit v.f. display 
Giant 2 digit v.f. display 
12V stepper motors, 48 steps 
per rev., 7°3° step angle .. £3.95* 
250 off mixed electrolytic 


Polystyrene capacitors 63V working E12 series long axial wires 
10pf to 820pf - 5p. 1000pf to 10,000pf - 6p. 12,000 pF oo. ceoceccccccccccccesccecceccececeseceessseeeees 7p 
741 Op Amp - 20p. 555 Timer — 20p. LM3900 
CMOS 4001 - 20p. 4011 - 22p. 4017 — 40p. 4069UB unbuffered ............ccccccccceccecceeees 20p 
DIL holders, 8-pin 9p; 14-, 16-, 18-pin 12p; 24-pin 18p; 28-pin 20p; 40-pin 25p. 
ALUMINIUM ELECTROLYTICS (Mfds/Volts) 

1/50, 2.2/50, 4.7/50, 10/25, 10/50 ue. 





Carbon Film resistors %W 5% E24 series 0.51 R to 10MO .....c.cccccccccsceccssescscsecsseseeesevscevssee 1p 
100 off per value — 75p. even hundreds per value totalling 1000 ............cccccceeeeeeees £6.00p 
Metal Film resistors %4W 10R to 1 MO 5% E12 series — 2p. 1% E24 Series .......cccccccccccsesesees 3p 
Mixed metal/carbon film resistors 4%’W E24 series 1RO to TOMO .....ccccccccccecceccecceceseceeeeee 1%p 
1 watt mixed metal/Carbon Film 5% E12 series 4R7 to 10 Megoh ........c.cccccccecseseeeeeeeees 5p 
Linear Carbon pre-sets 100mMW and %W 100R to 4M7 EG Series ........ccccccccccccccscescasesessesees 





SGhitieh Seay uycesdeie dha yiceneutiaelitinaaivastesubesevsdanis 5p 


22/16, 22125, 22/50; 33/16, 487116, 67725, 01 (BO sissies carscsiasssisiasidivcdaedhtghtascaseenpeteeeacebecss 6p 
TOO/1G, YOO/ 25 TG; TOO] SO cccsscssiccrsasnnerabivscicessigeniwasinich pocetvedswicicei vets iradcacédsutascsnchdeesseuntyans 12p 
220/16 8p; 220/25, 220/50 10p; 470/16. 470/25 oo. ceccccccccsccscescssesscsecsseseveseseeseceeeseeees 11p 
1000/25 25p; 1000/35, 2200/25 35p; 4700/25 ooo. ccccccccccccscesccsecsevssveseaese cevseceecsseeses 70p 
Submin, tantalum bead electrolyics (Mfds/Volts) 

0.1/35, 0.22/35, 0.47/35, 1.0/35, 3.3/16.4.7/16 ........cccccccccccsccssscossesccessssssccsssesscesesesens 14p 
2.2/35, 4.7/25, 4.7/35, 6.8/16 15p; 10/16, 22/6 ooo. cccccccccccescessecsseseveuscssesscessseeeeecaees 20p 


33/10, 47/6, 22/16 30p; 47/10 35p; 47/16 60p; 47/35 oo... ceeeeeeeeeeees pneenns 80p 
1A + or — 5V, 8V, 12V, 15V, 18V & 24V - 55p. 100mA. 5.8, 12, 15, V t+ ccc 30p 
75/25mA 1N4148 2p. 800/1A 1N4006 4%p. 400/3A 1N5404 14p. 115/15mA OAQ91 .. 8p 


100/1A 1N4002 3%p. 1000/1A 1N4007 5p. 60/1.5A S1M11 5p. 100/1A bridge .......... 25p 
400/1A 1N4004 4p. 1250/1A BY 127 10p. 30/150mA OA47 gold bonded ..............0.-. 18p 
Zener diodes E24 series 3V3 to 33V 400mW - 8p. 1 Watt oo... cecccccccccccescesceseesscesseveseseees 12p 
Battery snaps for PP3 - 7p for PP9 ooo... .ccec ccc cesecesscssceccesecseeesssesseecseessvesscsssevssevssevseees 12p 
L.E.D.’s 3mm. & 5mm. Red, Green, Yellow - 10p. Grommets 3mm - 2p. 5mm.............005- 2p 
Red flashing L.E.D.’s require 9-12V supply Only ........cccccecccccecececescesecesccesscssecseeessecsseens 50p 
Mains indicator neons with 220k resistor ..........c.cccccccescccceccceccceesscecsssecssecesseccatecssecerseserses 10p 
20mm fuses 100mA to 5A. O. blow 6p.A/surge 10p. Holders, chassis, mounting ............ 6p 
High speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0mm - 40p. Machines 12V do ........c.ccceeceeeees £15.00 
HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs ............:cccccc00. £3.50 


AA/HP7 Nicad rechargeable cells 90p each. Universal charger unit .............cccccceeeeeee. £6.50 


AA/HP7 zinc/carbon batteries in packs Of 4 .o......ceccccccccccecesceuscecsseeeeseseeeacs £1.10 per pack 
Glass reed switches with single pole make contacts - 8p. Magnets ...........c:cccccccsseseeereees 15p 
0.1” Stripboard 2%” x 1” 9 rows 25 holes - 25p. 33/4 x 2%” 24 rows 37 holes ................. 70p 
Jack plugs 2.5 & 3.5m — 14p; Sockets Panel Mtg. 2.5 & 3.5m ......ccccccceccccccssceesesseeeesseeees 10p 


Ear pieces 2.5 & 3.5mm, dynamic — 20p; 3.5mm crystal... cc ccccceccccsccssesscesstseeeeeeees £1.50 
Multi cored solder, 22G - 8p yard, 18G — 14p yard. 


BC107/8/9 - 12p. BC547/8/9 - 8p. BC557/8/9 - 8p. BC182, 182L, BC183, 183L, 
Op. 
BC327, 337, 337L - 12p. BC727, 737 - 12p. BD135/6/7/8/9 - 25p. BCY70 - 18p. 
BFX88 - 15p, 2N3055 - 55p, TIP31, 32 - 30p, TIP41, 42 - 40p. BU208A - £1.50, BF195, 197 - 12p 
£12.50 


lonisers with seven year guarantee, 240V AC, list price £16.95 or more .............00006.. 
All prices are inclusive of VAT. Postage 30p (free over £5). Stamp for list. 


THE CR SUPPLY CO 


127 Chesterfield Rd., Sheffield S8ORN Tel: 0742 557771 Return posting 


100 off phono plugs 
50 off mixed terminal 


25 off buzzers & sounders.. £3 
25 off mixed relays £4.9 
50 off mixed switches 
250 off i.c. sockets 
1000 off Ceramic caps 
5 off 3V Lithium memory 

back-up batteries £2.00* 
100 off 2200uF 25V caps.. £6.00* 
100 off 4:7u.F 25V caps .... £2.50” 
3lb mixed component 

pack 
Jumbo component pack 
Crystal oscillators 

10/12MHz 
5V DPCO D.I.L. relay 
5V SPCO S.I.L. reed relay.. 40p ea* 
12V Piezoelectric Sounders..50p ea 
D.I.L. Switches 3/4/6 and 

12-way 
UM1233 video modulators .... £2* 
3:5mm jack plugs 10 for £1* 
16A BT surge arrestors... 10 for £5* 
100 off Zener diodes, mixed... £2* 
21 -piece mini screwdriver 


Universal test lead kit 
10 crocodile clip leads 
20 off mixed R.F. Filters, 
Crystals, etc. .......0.0c ee. £4.95* 
100m P.V.C. sleeving 


QUANTITY DISCOUNTS AVAILABLE 
PLEASE RING 
We also buy all forms of electronic 
components, p.s.u’s, disk drives etc. 
Lists to below address. 


ALL PRICES INCLUDE V.A.T. 
PLEASE ADD £2.00 p&p EXCEPT 
ITEMS MARKED* WHICH ARE 50P. 
SAE FOR BULK BUYING LIST 
PAYMENT WITH ORDER TO: 


Dept EE, COMPELEC, 
si S Ovelat-yecle)(:m ater:lep 
St. lves, Huntingdon, 
Cambs PE17 6EQ 
Tel/Fax: 0480 300819 











Millions of quality components 
at lowest ever prices! 
Plus Tools, Watches, Fancy Goods, Toys. 
Mail order UK only. 


All inclusive prices — 
NO VAT to add on. 
Send 43p stamped self addressed label or 


envelope for catalogue/clearance list. 
At least 2,100 offers to amaze you. 


Brian J Reed 
6 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 
Tel: 081-393 9055 
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THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 





HE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
OUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
ATURES: xIndependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
vel controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
oof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
stortion x Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection. 


SED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. ~ 


OE 
SIZES:- MXF200 W19"xH3"2" (2U)xD11” 
MXF400 W19"xH5%4" (3U)xD12” 
MXF600 W19"xH5"4" (3U)xD13” 
MXF900 W19"xH5%4" (3U)xD14%” 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 











vanced 3-Way Stereo Active Cross-Over, housed in a 19” x 1U case. Each channel has three level controls: 
ss, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
pss-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 















* ECHO & SOUND EFFECTS* 





EREO DISCO MIXER with 2 x 7 band 
& R graphic equalisers with bar graph 
D Vu meters. MANY OUTSTANDING 
ATURES:- including Echo with repeat & 
heed control, DJ Mic with talk-over 
itch, 6 Channels with individual faders 
us cross fade, Cue Headphone Monitor. 8 
bund Effects. Useful combination of the 
llowing inputs:- 3 turntables (mag), 3 
ics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P 


SIZE: 482 x 240 x 120mm 


pin the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
ansient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
hese units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
XPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 


_ TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
: bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
TYPE ‘B’ (KSN1005A) 3'.” super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 + 50p P&P. 

TYPE ‘C’ (KSN1016A) 2’x5” wide dispersion horn for quality Hi-Fi sys- 
tems and quality discos etc. Price £6.99 + 50p P&P. 

TYPE ‘D’ (KSN1025A) 2’x6” wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 

TYPE ‘E’ (KSN1038A) 3%.” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 

LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 





A new range of quality loudspeakers, designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12” cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 





OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 


THREE SUPERB HIGH POWER 

CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 
* Stereo, bridgable mono * Choice of 
high & low level inputs * L & R level 
controls * Remote on-off * Speaker & 
thermal protection. 








PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 


SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 

R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 

‘s -3dB, Damping Factor >300, Slew Rate 60V/uS, 
- T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 

-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
,-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110. dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 5}00mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 





LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 





ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8” 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10” 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P 
10” 200 WATT R.M.S. ME10-200 GUITAR, KEYB’D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12” 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P 
12” 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P 
12” 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
12” 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P 
15” 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99cB. PRICE £50.72 + £4.00 P&P 
15” 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8” 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97cB. PRICE £8.90 + £2.00 P&P 
10’ 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10” 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. 

12” 100WATT EB1 2-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

514" GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

612" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. 

8” 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89cB. PRICE £12.99 + £1.50 P&P 
10” 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98cB. PRICE £16.49 + £2.00 P&P 


PRICE £30.39 + £3.50 P&P 


PRICE £9.99 + £1.50 P&P 


PRICE £10.99 + 1.50 P&P 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS a 
3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP. 
PRICE £14.85 + £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY. 
PRICE £8.80 + £1.00 P&P 





PHOTO: 3W FM TRANSMITTER 














FULL COLOUR GUIDE TO ELECTRONIC PRODUCT: 
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uper Low Pr 
on sale now, only £2.95 


Over 700 colour packed 
of brand New Products 








